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The first purpose of this paper is to present certain evidence of a decrease in 
body size in the Alaska fur seal (Callorhinus ursinus) with relation to a measured 
increase in population size; second, to review briefly the relationship reported to 
exist between body size and abundance in the brown rat, house-mouse, vole, 
muskrat, gray squirrel, raccoon, deer, and man. The body size: abundance rela- 
tionship in mammals has not, we believe, received the attention it deserves. A 
third purpose of the paper, then, is to stimulate inquiry into the mechanics of 
body size regulation by density dependent factors in the environment. 

With the exception of an albino form of house-mouse, the mammals referred 
to above are wild species of economic importance. The present advantage of using 
such animals for study will disappear as more is learned about methods of sup- 
pressing natural fluctuations in their numbers. Thus, as the wildlife manager 
becomes progressively more skillful in controlling irruptions of deer and muskrat, 
the less opportunity will he have of studying the influence of pupulation pressure, 
and the more will he turn to captive animals for evidence. 

The necessary conditions for a study of the size: abundance relationship are 
that both the subject population and the body size of its members shall be re- 
sponsive to measurement from time to time. In measuring the population, the 
observer shall make certain that he is dealing continuously with the same genetic 
group; not now with one and later with another that has invaded the study 
area. And in measuring body size he shall be able to identify sex and age as a 
prerequisite to selecting comparable individuals. For example, references in the 
literature to “‘decrease in average body size’”’ may refer only to a decrease in pro- 
portion of older and larger members of the population, not to a decrease in size 
of animals of the same age. Thus, intensive hunting of deer usually brings about 
a degradation in average size, which does not necessarily mean that the three- 
year buck is smaller than his counterpart measured before the start of intensive 
hunting. 

The growth data for each of the mammals discussed here, with the exception 
of the fur seal and man, are presented with the warning that they apply to indi- 
viduals of uncertain age. For the vole, which attains adulthood in three or four 
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months and may cease to grow, the selection of “adult’’ specimens is perhaps 
assurance enough that individuals of comparable age have been measured. For 
another mouse, however, Dice (1952) warns that “two-year animals average 
slightly larger than 1-year old in all body and skeletal measurements except hind- 
foot length.” For larger mammals like the muskrat and raccoon it is certain that 
fluctuations in the age composition of the population do influence the final esti- 
mate of body size. Future studies should be based upon animals of positively 
known age, either marked individuals or species that exhibit yearly growth 
marks (annuli) of one kind or another. 

We are concerned here with changes in body size provoked by fluctuations in 
population pressure. We are not concerned with changes provoked by disease, 
predation, adverse weather, or lack of shelter and food, unless such modifications 
of the environment are themselves the result in whole or in part of population 
pressure. Many examples of effects independent of population pressure could be 
cited. Davis (1949) found that wild rats living on garbage in the city were sig- 
nificantly heavier than those living on farm debris in the country. A prolonged 
winter storm in the north Pacific Ocean prevented young fur seals from feeding, 
thereby bringing them to the point of emaciation or death (Scheffer, 1950a). 
Fire, flood, or an insect invasion may seriously damage the local food supply of a 
mammal and likewise bring about starvation. 

On the other hand, a mammal may abuse its own environment and as a result 
suffer a decline both in size and in numbers. The history of the reindeer on St. 
Paul Island is a striking example of a population decline (Scheffer, 1951). Here a 
herd of over 2,000 animals, confined by natural barriers, collapsed to only eight 
in a period of 12 years. 

Crowding in a population may (1) affect the energy intake, or (2) affect the 
energy output, or (3) lead to the actual death of the weaker members. In the first 
case it may reduce the individual’s share of food, or, along with the increased 
parasitism, disease, and emotional tension that tend to accompany crowding, 
it may reduce his ability to utilize food. In the second case it may burn energy 
through increased fighting and sexual contact, and by forcing the individual to 
travel farther afield in search of his share of food. In the third case it may result 
in the discriminate removal of the weaker, and generally smaller, members of a 
given age class,—those unable to survive the hardships of a peak population 

The point we wish to emphasize is this: a change in mean size may take effect 
horizontally, among nearly all members of an age class, or vertically, in selected 
survivors of the class above a certain threshold size. Thus, as we hope to demon- 
strate, a peak population may bring an across-the-board reduction in size or an 
increase, depending upon the degree of intraspecific competition. There seems to 
be no certain way of identifying horizontal as against vertical change. For exam- 
ple, let us say that the biologist measures an adequate sample (S) of two-year-old 
male muskrats in August, 1956, and a similar sample 8’ in August, 1960. He finds 
the members of 8’ significantly longer in body. Has the ratio, food-supply /energy- 
output, increased among the rats at large in the study area or have the shorter 


rats been killed by the longer? 
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Two avenues of research leading to a solution of the problem appear to be open. 


ze frequency distribution in sample S’. A 


The first is careful scrutiny of the s 
normal distribution will suggest the presence of ordinary mortality factors work- 
ing impartially (horizontally) on all members of the age class. A distribution 
skewed toward the right, or truncated on the left, will suggest the presence of 
selective mortality factors working vertically against the shorter members of the 
class. The second approach is comparison of the mean size of muskrats in 8’ with 
the mean size of their age-classmates, now a ad or departed. Thus, if the members 
of 8’ prove to be significantly larger, the biologist may conclude that these mem- 
bers of the recent sample represent the survivors of intraspecific combat; and he 
may subsequently conclude that an increase in size from § to S’ has been a verti- 

change. Obviously, however, opportunity to measure the dead and departed 


1 ° j 1 } 


members of an age class is rarely presented outside the confines of the laboratory. 


Hence this method of distinguishing horizontal from vertical change is of little 
ise to th \ ldlife manage 
It is unimportant whether change in size reveals itself in one generation or in 


several. A shrew with a life exnectancv of about a vear can live, broadly speaking, 
1 only one population density environment; a deer can live through ten or more 
periods of fluctuating population pressure. What 7s important is the relationship 


between mean body size and abundance at any particular level in the rise and 


fall of the population 





In summary, the incentive for the writing of the present paper has been curi- 
osity toward the relationship between body size and abundance in seals and 
other mammals under circumstances where size is affected by abundance. How 
does population density influence th energy budget and selective mortality? 


For a given population level, what is the probability that an individual will at- 


tain the maximum size predisposed by his genetic makeup? At what stage in 

expansion of a population does the influence of the group express itself through 

measurable change in the individual 

We have shown that the term “average body size’ may be applied, first, to the 
| 


nean size of the individual regardless of age; second, to the mean size as a product 





of what may be called the in posed or adventitious environment; and, third, to 
the mean size as a product of the internal or sociological environment. With the 
third category only are we further concerned. For critical reading of the manu- 
script or advice on certain parts we are deeply indebted to Dennis Chitty, David 
E. Davis, Paul L. Errington, Paul Hickie, Karl W. Kenyon, Mrs. Nellie L. 
Landblom, Frederick E. Smith, and Ford Wilk 


THE ALASKA FUR SEAL (CALLORHINUS URSINUS 


DECREASE IN BODY SIZE 


The size of the seal apparently decreased in the three decades between 1913-1920 and 
1941-1952 while the population was rising to a plateau, increasing over fourfold in the 
process (Alaska Fishery and Fur Seal Industries; Kenyon, Scheffer, and Chapman, 1954) 
Tables 1 to 4 compare the average body size of the male seal in 1913-1920 and in 1941 


1952. Decreases in length and weight are illustrated in Figure 1 
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TABLE 1.—Weight of male fur seals, ages 1 and 8 to 8 years, kilograms' 





Age Period N Range M SD V D S Note 
] 1913-18 8 12.7-18.9 16.9 1.9 12.3 
1941 12 2.5-22.0 16.8 2.4 14.3 
3 1916 102 0-39 .2 29.6 4. 13.9 
1944 21 1-31.3 24.3 3.8 15.7 
1951 90 3-36.3 28.0 3.1 11.2 1.5 NS 
1916 74 9-48 .1 89.1 5.3 13.6 
1944-45 24 1-51.3 33.4 6.6 19.7 s 
1951 26 2-48 .1 85.5 §.2 14.6 3.6 : 
5 1917 38 33 .7-69.4 53.3 8.3 15.6 
1945-46 28 30.9-57.2 14.9 7.2 16.0 8.4 
6 1918 34 50.8-144.2 80.5 20.8 25.8 
1946-47 22 46 .3-83.5 60.7 10.3 17.0 19.8 os 
7 1919 24 67 .1-220.7 128.9 43.2 83.5 
1948 6 69.0-156.6 94.5 32.2 34.1 
t 1920 15 110.2-169.2 126.1 14.7 e799 
1949 { 80 .8-222.5 175.5 65.3 37.2 


1 Converted from pounds. Abbreviations: N, number of specimens; M, mean; SD, stand 
ard deviation based on N-1; V, coefficient of variability; D, difference between means in a 
comparison of data from the 1913-1920 period and the 1941-1952 period; 8, significance of 
the difference between means. Where one sample is less than 13, or where the data are 
suspected of bias, the significance has not been calculated. (**) significant at the 1 per cent 
level, (*) significant at the 5 per cent level, (NS) not significant 

2 In this and two other instances where the original sample was large,—N exceeding 
73—the weights were lumped for convenience into classes of 3 pounds each. The resulting 
total number of classes is in no instance less than 12 

* Sample screened for commercial size by the killing crew 

‘ As against one sample of each age class for the early reference period (italics), there 
may be several for the recent period. In this example a recent sample was taken in 1944 
and another in 1951 


Method of study In 1912, 5,228 seal pups were hot-iron branded on the islands of St 
Paul and St. George in the Pribilof Islands, Alaska (Scheffer, 19506). From this marked 
group, animals of known age were subsequently killed and measured. The results wer 
published (Alaska Fishery and Fur Seal Industries, 1913-1922; Osgood, Preble, and Parker, 
1915) or were preserved in manuscript (Hanna, 1927). From two men who participated in 


the original study we understand that the specimen seals were selected on the basis of 





sex, but were otherwise sampled at random (talk with G. Dallas Hanna, 1941; letter from 
L. C. MeMillin, February 25, 1945). The specimens were taken in commercial sealing opera 
tions similar to those of today, wherein only male animals two to five years old are inten 
tionally killed. Our comparisons are thus confined to males 

With the creation of the Fish and Wildlife Service in 1940, a new investigation of the 
seal herd was launched. Five thousand seal pups were branded in that year and 10,000 
were branded and metal-tagged in 1941. In each of the years 1947, 1948, and 1949, approxi 
mately 20,000 pups were tagged (Scheffer, 1950b; Kenyon, Scheffer, and Chapman, 1954 
The survivors provided the series of body measurements taken in 1941-1952 as source 
materials for the present paper 

All specimens, then, are of comparable age and sex. All but yearlings were taken during 
the summer, from May 28 to August 22, mostly from mid-June to the end of July. (Year- 
lings are available on land only from August to November.) Body length was measured 


in a straight line from tip of nose to base of the diminutive tail—the “field length”’ as 
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1916 
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1952 
{ 1916 
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f 1918 
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337 
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90 
816 
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460 

26 

354 

38 

16 26 
3 

20 


from inches; 


snout 


DENSITY AND BODY SIZE 


Range 


921-1086 
857-1092 


946-1315 
906-1176 
965-1168 
940-1168 
940-1194 
991-1168 
991-1194 
1016-1346 
1016-1321 
1067-1321 
1041-1245 
1245-1524 
1245-1397 
1429-177 
1270-1499 
1492-1981 


1448-1778 


to base of 


2.—Field length of male fur seals, ages 2 to 7 
¢ 4 J 9 
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1029 

999 
1101 
1047 
1063 
1064 
1069 
1082 
1084 
1221 
1141 
1165 
1136 
[406 


1316 
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years, millimeters' 


sD Vv D S Note 


ra 1 6.2 

58.7 5.4 3 
41.7 3.9 : 
35.4 3.3 7.6 Co 

39.2 3.7 a. 
37.1 3.4 19 NS sd 
29.5 2.7 . 
66.3 §.4 

50.8 1.5 80 

55.1 4.7 56 s 
30.0 2.6 
65.6 4.7 

$7.3 3.6 90 

82.0 §.3 

68.7 5.0 163 
1957 7 7 
125.2 5.2 


iations in footnote to T ible 





Sample screened for -ommercial size bv the killing crew 
23 July 


A subs umple taken 2 


lion fur seals kille 


rae Oo i ommer the past torty years Body 
eight was taker ) the nearest pound or half pound upon seals bled with a knife through 
he heart; fur dry or damp, never soaking wet. Since bleeding is partly internal, the loss 











it rs exceeds one-half pound. Condylobasal length, basilar length of Hensel, 
zygomat width were taken in millimeters standard methods (Grinnell, Dixon 
1 Linsdale, 1937 

In the 1913-1920 period, data were derive rom specimens born and recovered on both 
the Pribilof Islands. In 1941-1952, data were obtained from seals born and recovered 
St. Paul o The difference in technique seems to be unimportant, for examinations 
( dy length in 315 seals, and weight in 302, reveal no differences between the data from 
St. Paul and from St. George outside the limits of sampling error, and no differences con 

8 favoring one island 
I lack of data, both in the earlier reference period and in the recent, we are unable to 
preser compiete array ol measurements bod und skull if ll ages from one to eight 

ears 


As previous! the random 


> sper 





1ens OI 1913 1920 period were collected alt 
During the recent period, however, several series of specimens were collected on the killing 


by the 


by footnote 3 in Table 


These 
the 


unscreened 


field after they had been chosen killing crew as animals of commercial value 


screened series are identified 1 to 4 and are included only for 


resemble an 
and Wilke, 1953 


of completeness. A screened sample may, in fact, closel; 


random) sample from the same age class (Scheffer , but cannot be relied 


upon to do so. Further to the point, a screened sample appears to vary about like an un- 
screened one. We illustrate with data from Tables 1 and 2: 
For the weights of 111 three-year males the percentage variability among screened 
specimens was 15.7; among unscreened specimens it was 11.2 


For the weights of 50 four-year males the percentages were 19.7 and 14.6 
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Skull length of male fur seals, ages 2 and 4 to 8 years 
Age Period N M SD \ D : —— 
al length 
2 1914 11 170-181 176 3.3 - 
1943 10 166-17¢ 172 3.6 2.1 
Basilar length of Hensel 
1916 ; 176-197 57, f g 
1944-45 22 162-187 175 6.7 s 
5 1917 15 183-201 194 f 
1945-46 } 171-190 18] § 2.6 
f 9] A 189 If ( ; 9g ) 
1947 19 181-201 19 5.6 2.9 12 
919 7 201-221 5 
1948 191—20 199 6.5 x 
~ 1991 Ps 7 29 ) = 5 y 
1949 198-214 208 ) 1.3 
1 See abbreviations in footnote to Table 1 
2? Sample screened for commercial e byt killing cre 
TABLE 4 Skull ith mate | sea ag to 8 é nillimete 








1944-45 22 100-119 110 +.4 1.0 
) 1917 ] 4 ] ] ] 126 ] Al yf U 
1945—4¢ 13 106-122 115 5.4 1.7 D ° 
f 1918 179-131 126 i A 
1947 20 111-132 121 4.6 3.8 i NS 
7 1919 130-14: 13 é f 
1948 120-141 7.8 6.1 
8 192 6 134-148 5 3.7 
1949 120-148 12 8.9 
See abbreviations in footnote to Table 1 
* Sample screened for commercial size by the killing crey 
In the field lengths of 3887 three-year males the percentage variability among screent 


specimens was 3.5; unscreened, 3.5 

In the field lengths of 840 four year males the percentages were 2.6 and 4.5 

The samples taken by L. J. Palmer in 1943 shortly before his death are not clearly de 
scribed in his notes, but from a talk with several of his contemporaries we believe tha 
the samples were screened, and to be conservative we have so recorded them 

The significance of the difference between means (Column 9 in Tables 1-4; Column 
in Table 6) in the 1913-1920 and the 1941-1952 periods has been calculated only for thos 


pairs of samples in which each member of the pair contains at least 13 specimens; and only 


for those pairs believed to have been sampled at random. Since the data are unusually 
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ym the comparisons en bloc. The reason lies in our ur 
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able, logarithmic transformations rather than observed measurements have been 





-e between means 


We have chosen to express the significance of the difference between means for each 


vidual comparison, and have not attempted to derive a figure for significance based 


certainty as to the extent to which 
samples 1 av ove rlap or represent two ides of the same coin. Asa casein point, con 


the sample of 28 five-year 


cted in 1945-1946 Here we know that. for all 





28, the weights were obtained; f the field lengths, for 13 the skull lengths, and for 13 
the skull widths. Now the chances are very great that a seal with a heavy body will also 
1 long body and large skull. Hence, we would not be justified in considering as inde 
pendent data the measurements of these four variates. On the other hand, consider the 
rge sample of 1,260 three-year males measured for body length in 1951. Of these, the 
eights were obtained for only 90 and the skull dimensions for none. Here we ould prob- 
be justified in considering the length data and the weight data as though they came 
separate reservoirs. In sum1 ve | hosen to present individual comparisons 
vith the implicatior tnat their total sig I I is greater thar th t of ny singie one 
ke t Tables 1 to 5). Of fifteen « : ul ir age groups (three to 
ear r Ir measurements (bod 7} £ oth , netl nd skul idth 
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» 1914-1918 














> | — 
ri 1915-1918 
1945-1951 = 
| WEIGHT Pw ° 
] 
| 
a lear SN ee Lae eens 

2 3 “ 2 6 ¥ 8 
AGE IN YEARS 
1c. 1.—Growth rate curves for the male fur seal during an earlier period (low popula 


and during a recent period (high population). Selected data from Tables 1 and 2 
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TABLE 5.—Per cent decrease in size of male fur seals 1913-1920 to 1941-1962 


Per cent decrease 





: A Per cent decrea 
Per cent decrease Per cent decrease ; ; Per cent decrease aed dec hg 
Age ld condylobasa - 1a zygomat 
in weight in field length eee in basilar length ho 
lengtl wit 
2 Pi 
; §.1 3.1 
j 9.2 6.5 
5 15.8 6.4 6.7 +.2 


6 24.6 10.5 5.9 3.2 


' Data from pairs of samples for which significance of difference between means was 
calculated; see Tables 1 to 4 
* Mean of 3 comparisons 
Mean of 2 comparisons 


The decrease in size between seals of the reference period nd those of the recent peri 





s more conspicuous in animals approaching adulthood (Table 5). The inference may be 


drawn that whatever factors have limited the growth of the seal have been operative 
throughout the growing period and have had a cumulative effect in the adult. (We 
note a similar phenomenon when we come to a discussion of stature changes in man 


Var 


patterns, distorted by sampling error, emerge from the data at hand (Tables 1 to 4). First 


ability in size in the two periods, early and recent, is difficult to compare. Certain 





variability during both the reference period and the recent period shows a quite natural 


tendency to rise with age of seal. That is, with increase in age the spread between small and 





yportunity to widen. In bod 
ar and Wilke (1953) found 


or “‘runts’’ and “giants’’, has great 





large individu: 


‘liability is pronounced 


weight, especially, the rise in 





that the male grows most rapidly while crossing the 
ages seven and eight, when the “‘bachelor’’ turns into the ‘“‘bull.’’ In high 


rhinus this sociological coming-of-age lags about four years behind sexual maturity, ages 











three and four (Scheffer, 1950 

Second, in the reference period 1913-1920, variabilit weight rises sharply during 
the sixth year of life, while in the recent period it does not start to climb until the seventh 
Has population pressure caused a delay of one year the attainment of a secondary se 
character, namely, the massive development of shoulder and neck of the breeding b 
See also Fig. 1 

Third, body length data for the adolescent ages three to si of which we have the larges 
samples, fit into a rather consistent pattern. In the reference period, the three-year olds 
are evidently more variable than in the recent period, but with increasing this d 
tinction subsides. By age six, variability in the t periods is the same. There is no read 
explanation of the trend, if indeed it is a trend 

Fourth, relying upon the field length data,—our richest measurements—we are inclin 
to feel that variability is less in the recent period than in the reference period. Dampening 





of variability and slackening of population growth may perhaps have mutual sources 
Fift ibility in skull measurements can scarcely be interpreted from the few sar 
ples at hand. The trend in basilar length in the middle years corresponds roughly to the 


trend in body length, as might be expected 


sampling ¢ r In Table 6 an attempt has been made to evaluate the importance Oo! 
sampling error. For body length of three- and four-year males, five independent samples 
taken within the recent period are compared. In one comparison, the difference between 
means ol samples taken in the same year prove to be significant at the 5 per cen 
In the remaining comparisons, the differences are not significant 


In view of the magnitude and consistent direction of the difference between means ol 


body size in 1913-1920 and in 1941-1952, sampling error does not seem to invalidate the 
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main conclusion drawn from this study, namely, that the fur seal has decreased in size 


| be noted among the 3: 


} 


3 pairs of samples in Tables 1 to 4, that is, 





Or two anomalies wi 
ody weights of eight-year-olds and yearlings collected in the recent period appear to be 

eater than their counterparts of 1913-1920. It will be seen, however, (Table 1) that the 
comparison of eight-year weights is based on only four specimens in the recent period, 


surely an inadequate sample 





lhe discrepancy in yearling weights can not as easily be explained. Of Hanna’s thirteen 


‘‘vearlings’’ ten were unbranded and were identified by means of dentition and skull size 




















im : : ‘ , 
It is very likely that the ten were indeed yearlings, although this can not be said with 
ssurance. The earlings are a peculiar group inasn ich as only a few of their numbers, 
rtair less than half. return to land. Are these representative of their class? Granted 
: : , ‘ - 
the re l is reason le to belleve that there s littie or no difference In DOodY size between 
the very young seals of today and those of 1912-1920, for we have just noted the existence 
gradient n increase in size discrepan¢ vith age. This is another way of saying that 
elieve the genet makeup of the seal has remained essenti unaltered throughout 
, , 1 : ' . ’ . , 
t ent period of population change; that the newborn seal today is as large (though 
ner} “ s fat s his counter of 1913-1920 
I e le g the s ‘ of sampling « € ler should cle inderstand that 
1 a | 1 from 1941-1952 y} e separate groups of ol 
S s, Sig I liffere ed } r ind. These differer s could resul 
7 1 iiffar ] y ) y + - 2 ; 
| actu fers es »d z 2) 3 r sé t sampling 3 he 
ring tecl jues em] f Hanna and | te against those employed 
t he r ) e technique e ignore The pro s re te 
t the same d mn were made ve t ‘ n obtainine body weieht. bod 
nd a eng 
g 1 g I 
ethe es f re re f t here is ro i } st dis 
’ ; oO y | > ‘ ) lr 4 
S class co isness F ume ag ds d 
+ nil } 1 T } +r ; 
vet he l 1 < ere exce ons.) Dos his s 
’ ¢ re oO eals are extremel\ 
y ¢ ] < T = a} » dis nt selves in nor 
' ' 
} : ning P e sample 
m} | Le ‘ +4 . tion in 
2 5 ita ‘ ; i¢ = ( 
g Me 1 
T + + 
I ears. esti 
| y F H ength-s f I sition indi 
I ¢ ette so eo th-ridg counts made uDpOoL 


; 195K »4 06 

951 or 1082 12 NS 
5 is 26 106° 

1951 90 1082 13 NS 
4 1951 460 1141 

1951? oF 1165 . 








See abbreviations in footnote to Table 1 


\ subsample taken 21-23 July 
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animals in the kill. Counts of annular ridges are highly accurate for three- and four-year 
males (Scheffer, 1950d). The following comparison of the estimated age-composition of 
the kill in former and in recent years is illuminating: On the basis of Hanna’s age-length 
standards, the mean summer kill of 1917-1919 consisted of 70 per cent 3-year males and 
30 per cent 4-year males (Alaska Fisheries and Fur Seal Industries). On the basis of tooth 
ridge counts, the mean summer kill, 1950-1952, consisted of 64 per cent 3-year males and 
36 per cent 4-year males (Kenyon, Scheffer, and Chapman, 1954). But on the basis of Han- 
na’s age-length standards, the summer kill of 1950-1952 consisted of 94 per cent 3-year 
males and 6 per cent 4-year males. 

Now it is reasonable to believe that the ratio of three- and four-year males arriving on 
land during the killing season is naturally about two to one and that any measure that 
gives a different value is open to suspicion. Thus, the foregoing table clearly demonstrates 
that Hanna’s age-length standards are no longer applicable to the male fur seal and that 
when a forcible attempt is made to apply them to present-day seals, the result is an exag 
gerated percentage of “‘three-year olds’’ in the report of the commercial kill 


INCREASE IN POPULATION 


In the late 1800’s and the early 1900’s, the seal herd was reduced by over-killing to less 
than one-tenth of its estimated primitive size. Under terms of a treaty signed in 1911 the 
herd was given protection and immediately began to expand (Scheffer and Kenyon, 1952 
The increase of the population up to 1930 is shown in Table 7. After 1930 the herd certainly 
grew to over a million animals, but the census method in use in the ’thirties and ’forties 
was giving, as we now realize, a false picture of the trend. A recent study (Kenyon, Schef 
fer, and Chapman, 1954) indicates that the herd entered its upper asymptote about 1940 
Estimates of the size of the herd are: From tag recoveries, by the Peterson index, 1,840,000; 
from the trend of the annual harvest of bachelors, 1,670,000; from the trend of the annua! 
count of harem bulls, 1,550,000. The first-listed is probably the most accurate. That is, 
the herd now numbers about 1.8 million animals, representing 4.3 times its size in the 
reference period 1913-1920 when Hanna and his associates were measuring seals from the 
1912 brandings 

(In passing, it should be mentioned that, although the size of the total herd was not 
accurately estimated in the ’thirties and early ’forties, the trend quite certainly followed 
the direction of two counted elements within the herd, namely, the bachelors of harvestable 
size and the bulls. Both elements were counted annually. Their increase followed closely 


the Verhulst-Pearl logistic curve, flattening out in the *forties 





While speculation upon the future of the herd would take us beyond the limits of this 


TABLE 7.—Increase in the Alaska fur seal population between 1911 and 1930 


Year Number of sea Year Number of seal 
1911 123 ,600 1921 581,443 
1912 215,738 1922 604 , 962 
1913 268 , 305 1923 653 , 008 
1914 294, 687 1924 697 , 158 
1915 363 ,872 1925 723 ,050 
1916 417,281 1926 761,231 
1917 468 ,692 1927 808 ,870 
1918 496 , 432 1928 871,513 
1919 524, 235 1929 971,527 


1920 552,718? 1930 1,045,101 


1 From annual reports, Alaska Fishery and Fur Seal Industries. 
2 The mean for the reference period 1913-1920 as used in this study is 423,278 seals 
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paper, we venture to predict that the Pribilof population will never fluctuate far from its 
present level. Slobodkin (1953) concludes that “‘in general, social populations have a lower 
efficiency and higher stability than non-social populations.’’ The important characteristics 
of fur seal behavior and ecology that may be supposed to contribute to population stability 
of the species are: (1) long life expectancy (maximum 30 years) and the coexistence of 
many adult age classes, (2) large genetic reservoir of nearly a million adults gathered at 
one place to breed, (3) fixed reproductive habits, namely, one young per litter, one litter 
per year, 1:1 sex ratio at birth, one brief season for breeding, (4) versatile feeding habits, 
that is, ability to utilize many species of squids and fishes, (5) extensive feeding range, 
about 2,000 miles from end to end, (6) uniform physical environment, the sea, (7) good 
health and remarkable freedom from epizootics, and, so far as known, (8) relative freedom 


rom predation 


DISCUSSION OF LIMITING FACTORS 


If the reader will agree, then, that the bachelor fur seal is smaller than his immediate 
neestor and that the herd is asymptotic, let us consider what factors may have been 
responsible for limiting the size of the individual and the size of the population 


Food 1 


Seals feed on fish and squid, some seals foraging in winter and spring as far 
] 


distant as the waters off Japan and northern Mexico. Jn view of the great expanse of feeding 





territory available to seals during the pelagic or nomadic phase of their annual life cycle, 
and the rarefied population, we conclude that the food supply in winter and spring is not 


an important limiting factor. In summer and. fall, however, over a million seals rendezvous 


on two small islands forty miles apart in the Bering Sea. And although their feeding radius 





at this season is thought to sweep about 200 miles from the Pribilofs, we suppose that the 
average distance travelled by a seal in search of food is greater today than it was in 1913 
1920 

The summer feeding habits of the bachelors and young bulls, the animals for which 
body size data are compared in the present paper, are virtually unknown. These growing 
animals probably shuttle between land and sea, increasing their length of stay on land as 


they approach breeding age at seven years. Fully adult males are known to remain on 





land without food or drink for over two months. Adult nursing females continue to feed 
throughout the summer and fall, often remaining at sea in July and August for eight or 
ten days while their suckling pups are on land (Bartholemew and Hoel, 1953). The feeding 


periods at sea probably lengthen through September and October until such time as the 
mother deserts her pup forever 

It is unfortunate that a Government taboo on the killing of female seals prevented Hanna 
rom sampling females in the period 1913-1920. With comparable data on the change in body 
size of the male and female we would now be in a better position to estimate the influences 


vork upon the mean body size of Callorhir 


The following reaction, then, is offered as one explanation of the asymptotic condition 


of the fur seal herd today: larger population — more intensive competition — greater 
average distance travelled by a half-million nursing mothers in obtaining food — longer 


intervals between nursing — less average weight gained by pups — higher pup mortality on 
land in the first summer and higher pup mortality at sea during the first critical winter 

Again, shortage of food around the Pribilofs in summer is perhaps the best explanation 
of the retarded growth rate of the seal. Whether the individual pup now gets a poorer start 
in life than it formerly did is a probability that can not be estimated from body size data. 
Pertinent data are lacking for pups and are of uncertain accuracy for yearlings. We are 
inclined to believe, however, from observation of increased mortality on land that the pups 
are in fact starting life with less body fat than they used to. At any rate, the bachelors and 
other seals older than pups are supposedly finding more difficulty in obtaining food than 
did their ancestors in 1913-1920. 

Disease.—Mortality of pups in midsummer, by actual count, is now ten to twenty per 
cent, while in 1913-1920 it was only one to two per cent. The difference can plainly be as- 





504 JOURNAL OF MAMMALOGY Vol. 36, No. 


+ 


cribed to a sharp rise in the incidence of hookworm anemia (Olsen, 1952-1954; Alaska Fur 
al Investigations The hookworm organism has not been found in seals older than 


pups.) Reasons for the rise in incidence are speculative. Perhaps the newborn pup is slis 





thinner and more vulnerable to attack (see preceding paragraph). Certainly the nurseries 
are now more crowded 


At this point we are reminded of the warning of yn (1951): “‘the modern bio 





metrician must be careful not to confuse with limiting 10se population by-products 





that occur incidental to. but with slight if any influence upon, the population status ol 
species He must be careful not to confuse the fact of losses with effect of losses 


Virtually nothing is known about the pathogenic viruses, bacteria, protozoa, and fung 





from whose attacks seals are presumed to have no special immunity, but from the evidence 
accumulated in a century and a half of fur-seal management ye appears to be of the 
slightest importance 

Predatior There is no reason to believe that killer whales and sharks, the onl yt 


served predators of seals, have increased in numbers in the Bering Sea. Quantitativel 
little is known about the effects of predation either now or in the earlier history of the 


seal herd. The current practice in management is to write off annually a certain percentage 


of seals as “‘lost at sea,’’ until finally the books are closed on the last individual of 





at about age 30 (Scheffer and Wilke, 1953). Predation by man has remained very constant 
since the Treaty of 1911 


Effect of commercial killing.—Among the bachelor males the larger members of a give! 





age class tend to arrive on |: 





id slightly earlier than their classmates. The June and Ju 
arrivals are traditionally killed for the market, whi 


the August arrivals are spared as 





breeders. This practice has been criticized as responsible for slowly and steadily degrading 
the size of the seal. There is, however, a compensating practice. In screening the bachelors 
; “i “Rte ; : 


or individuals of commercially valuable size, the killers take virtually all of the June 





but only 


the smalle four-vear olds. On logical grounds the snar ng 


July three-year olk 


is 
‘four’s’’ should influence the male breeding stock more profoundly than spa 


of larg ring 
August (post-season) ‘‘three’s’’, since the latter average only slightly smaller than their 
June and July classmates. If the influences as described have actually been in operatior 


the net result should now be a larger fur seal. Since the opposite appears to be true (Tables 


1 to 4), we suppose that the effect of commercial killing upon body size is either negligible 


or is outweighed by the effect of population increase. In line with this supposition we note 


that the practice of killing males in June and July has been carried on since 1870, ¢ 





und eve 

earlier under Russian management. Hence, if any genetic change in size of the sea 
resulted, it was probably initiated prior to the study period with which we are present! 
concerned 

Again, some have suggested that the commercial practice of killing only males on th 
Pribilofs has thrown the sex ratio so far out of balance as to lower the pregnancy rate. lL 
other words, there may now be a shortage of bulls, especially young bulls. To accept this 
suggestion as fact one must assume that the killing of males in a crowded herd (1941-1952 
had a retarding effect on population growth but did not in an uncrowded one (1913-1920 
To be sure, many of the Pribilof breeding beaches, which formerly were not, are now filled 
to the limit in summer. From this observation we suppose that young, inexperienced males 
of breeding age may now have fewer opportunities for reaching the females than they d 

Recent studies (International Fur Seal Investigations, 1954) indicate that the pregnar 
rate of the Alask i fur seal is only about 68 per cen This i pi ybabl lower than it was in 


the era of rapid growth, 1911-1930, a deduction made from study of the Asiatic seal her 


thought to be still growing, where the pregnancy rate is over 80 per cent. Besides the mear 


discrepancy between American and Asiatic herds, biologists have found a gradient 
the discrepancy sharply defined in the three-year class. This is the youngest class in whic! 
female seals are able to conceive and the class where one would logically expect a distur 
ance in fertility first to announce itself 

We believe, then, that selective killing of males may have contributed slightly toward 
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COMPARABLE STUDIES OF OTHER MAMMALS 


Thirty papers dealing with quantitative aspects of body size with relation to population 
density among mammals have been selected for review. These may serve to emphasize the 
lack of, as well as the existence of, information on the elusive subject of our discussion 


THE BROWN RAT 


Davis (1950) working with wild rats (Rattus norvegicus) ia the city of Baltimore found 
that ‘‘after [an artificial] reduction in population the pregnancy rates and size of the sur 
vivors increased. Continuous removal of rats resulted in an increase in average weight of 
the remainder.’’ As the environment was made increasingly favorable by the reduction of 
competition, the average body weight of the members responded. 

In 1951, Davis reported a further attempt to analyze the relation of body weight and 
length to population level. His data are in two groups, one derived from city rats and one 
from farm rats. In the city, ‘‘analysis of the weight composition of 1,109 rats from stationary 
populations, 645 rats from increasing populations, and 380 rats from decreasing popula 
tions showed no differences.’’ The stationary populations were on a natural plateau. The 
increasing populations were enjoying increasing food and shelter; the decreasing popula 
tions were suffering decreasing food and shelter. But in a sub-sample representing males- 
only taken in periods of low reproduction he found that rats were significantly “‘heavier 
in the decreasing population than those in the increasing, but probably not than those in 


the stationary . . . Furthermore, the males were longer in the decreasing populations than 
those in either increasing or in stationary populations While these data are only sug- 


gestive, they agree with the rather logical hypothesis that in decreasing populations the 
largest individuals survive, perhaps because of their high rank in the social order.’’ 
Among the farm rats, Davis found that the ‘population declined in a year from about 
1100 rats to about 400 due to a gradual reduction in food and shelter. The population was 
apparently always at the capacity of the farm to support rats. Analysis of the weights of 


2,181 rats captured during this period showed no relation to changes in population, al 
though there were changes in average weight due to a large number of young in the period 
of high reproduction ’” (The rats that were sampled for weighing were released alive 
Here it would seem that the population changed so slowly that at no time was there an 
abrupt shift in the equilibrium between rats and their environment, that is, at no time 
did there develop crises sufficient to precipitate a change in body size 

The continuing studies of Davis and his associates upon rat populations are important 
They are spotlighting the size: abundance relationship under various circumstances 


Calhoun (1950) designed an experimental environment in which food, shelter and pro 


tection from enemies were assured. He proposed to evaluate the importance of social pres 
sure as a limiting factor in population growth He placed five pairs of wild brown rats in 
large pen, at the center of which food was continuously available. He observed that the 
larger or more aggressive females selected nesting sites close to the food supply, where 
upon a social gradient developed. Rats subsequently born at the periphery of the pen were 
forced to travel farther for food, and to make more frequent contact with adult rats. The 
peripheral rats ‘‘attained a lowered adult weight, were more frequently wounded in combat 
and, though they conceived as often, rarely raised litters.’’ Since greater weight is an im 
portant factor in combat, the poorer rats and their offspring tended to assume a lowe! 
social status and to remain as residents of the submarginal area. While the population had 
not reached its plateau when Calhoun assembled his preliminary findings, his data suggest 
how mammals may suffer growth-inhibiting effects from one another. These effects are 
density dependent, becoming sharper with increase of the population. 
THE HOUSE MOUSI 
In five laboratory cages of identical size, Crew and Mirskaia (1931) established albino 


mouse populations (Mus musculus) of varying density. Into the cages, 1 male was placed 


with 1 female, 2 with 2, 4 with 4, 8 with 8, and 12 with 12. Thus the initial populations 
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ranged from 2 to 24 mice per unit area. The cages were kept clean and were supplied with 
amt le food: newborn young were removed as soon as they were found As time passed, 
it was noted that there was no difficulty in distinguishing an inmate of an 8 x 8 or 12 x 12 
box from one of an 1 x 1, 2 x 2 or 4 x 4 box. The former was thinner, lighter, and more 
nervous. Yet all were equally well fed and clear The degree of sexual activity endured 
by the individuals in the higher concentrations was distinctly higher than that of the 


wer 


‘In order to find out if the offspring of females from the different densities differed 
ong themselves, litters from each group were reared to puberty and beyond. It was 
found that the 8 x 8 and 12 x 12 offspring were smaller at birth than were those from the 
days), they were not to be dis- 


1x1,2x 2, or 4 x 4; but that at the time of weaning 


tinguished fron individuals out of the 1 x 1 >x 2, or 4 x 4 boxes: nor did they differ in 











respect to time o! attainment of pul ert) 

Strecker and Emlen (1953) put 25 pairs of wild house mice in a pen provided daily with 
250 grams of food, or about twice as much as the mice were able to consume. The experi- 
ment started in April. After a period of adjustment the mice began to multiply, their num 
bers rising rapidly through the summer months. By the end of August they were consuming 
the entire daily food ration. At this point they ceased to reproduce and the population 
started downhill, continuing its decline to the end of the trial in March of the following 

eal Compens ting phe omena were observed. As the total number of mice declined, the 
per capita weight increased through growth of young mice into adults, with the result that 
the total weight of mice remaihed at a level during the last six months of the trial. The 
ithors concluded that ‘‘no loss of weight or viability occurred, although the per capita 


consumption of food by adult mice was cut for a time by about one-fourth as a result of 








the increased number of animals.’’ The authors suggest that, had the food ration been dir- 
tributed several times daily rather than only once, greatet opportunity would have been 
ifforded for certain mice to become dominant. As matter of fact, though, the “intake 
capacity’’ of the individual at a single feeding was limited, and all animals were able to 
opt n a fair share of food 

We accept with hesitation the statement that adult mice suffered no loss of weight dur 

g the experiment. We should like to see a comparison of the mean weights of full-grown 
. e sampled mont! LE s. M fest l vou I e been difficult at first to 
t for comparison acult a 1ais Ol KNOWN age ut it should still be feasible to compare 
_ — veights of the he t quartile from each month’s data. We assume perhaps 

rongly, that the heaviest quartile would include only full-grown animals 

THE VOLI 
From long experience w vole populations (M yt igrest in England, Chitty 








9 population than 


1952) has concluded that body weight tends to be higher in a 


during either the decline or the early years of increase. In corre sponde nce he has recently 


stated that ‘‘in the case of the vole it is quite certain that there is no food shortage except 
perhaps on rare occasions when an area is devastated. It is my belief that few species, 


under natural conditions, get anywhere near exhausting their food supplies 
In 1937-1939 he studied two populations in which adult males and adult females were 


the rapid decrease in numbers 





unusually heavy during the peak year. In these instan 





that followed was thought to be caused by strife during the breeding season, with attendant 
derangements of the reproductive cycle 

To the best of our knowledge, no one has measured the growth rate of voles with refer- 
ence to population density. Where a weight: abundance relationship has been demonstrated, 
it appears to be the vertical kind previously discussed, wherein average weight is deter 


mined by the survivors of a contest 


THE MUSKERAT 


Dozier and Allen (1942) stated that ‘‘surprisingly little information is available on the 
average weights of muskrats.’’ They examined over 9,000 adult muskrats (Ondatra zibethica) 
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from 27 trapping units on the Blackwater Refuge, Maryland, and found that “‘all units re 


ported as poor in the abundance and quality of food plants yielded muskrats below the 
average weight for the refuge, and the poorest unit the animals lightest in weight No 
correlation between weight ind density of population could be found ‘ie 


Dozier, Markley, and Llewellyn (1948) summarized the results of a study on the Black 
water Refuge in which over 23.000 muskrats were examined. ‘“‘It is evident .. that there 
is a direct correlation between size and weights of muskrats and the quality and abundance 
of their food supply. This is further substantiated by a study of several badly ‘eaten-out’ 
marshes that have shown a most significant progressive decrease in muskrat weights as 


the supply of food pl ants diminished, through the combined eff 





of over-population and 





inefficient trapping. Units 17, 18, 19, and 23 have produced the smallest adult mus! 
the entire Refuge during the period of this study. It is quite evident that this was due to 
over population, which resulted in a radical reduction in available food supply and con 
sequent serious ‘eat-outs’ 


We have prepared a scatter diagram (not shown) from the data in Dozier, Markley, and 





Llewellyn’s Table 5, covering 20,800 muskrats of all classes trapped in 1941, 1942, and 1943 


It points to an absence of correlation between average weight o muskrat and houses per 


acre, or abundance, on most of the trapping units wenty-seven units were trapped 
three years, giving a product of 81 case histories.) However, on two of the units (Nos. 18 
and 19) there is a strong association between low weight and low population density. Thes« 
two units are described as brackish areas poor in food plants 

We have carefully reviewed the figures applicable to units 18 and 19, covering a tw 
year period, and the figures applicable to four other units (6, 9, 10, and 27), covering 


four-year period. Units 18 and 19 showed a decline in abundance and a slight decline 
weight; the other units showed a decline in abundance and a slight increase in weight 
Quite frankly, we are unable to see a pattern in these data, although we agree with tl 


late Herbert L. Dozier that muskrats tend to destroy their own food supply and suffer 


drop In weight 


Continuing studies on the Blackwater Refuge, Harris (1952) found that “‘the weight 
male and female muskrats were significantly higher in 1951 than during the period 
1941 to 1945. This could be due to (1) increased numbers of larger and older muskrats b« 


cause the refuge was not trapped during the two previous years [1949 and 1950], and (2 


increased food per muskrat due to lower muskrat populations.’’ We favor the first re 


Aldous (1947) studied a collection of over 7,000 muskrat skins taken in South Dakot 





in April, 1944 d April, 1945. He compared average length of skin with abundan 
muskrats on eight separate trapping units, and found no correlation (his Table 1; ou 
terpretation Abundance varied from 0.42 » 2.16 houses per acre 


Dozier (1950) summed up a six-year study of muskrats on the Montezuma Refuge, N« 


York, during which time he examined approximately 30,000 muskrats. A good growing 
season produced more food and larger muskrat vhile favorable weather brought greater 
trapping pressure and, in the following vear, fewer older muskrats 

On the subject of body size in muskrats, Paul L. Errington writes (in letter) from long 


experience with furbearers in the marshes of north central United States. He feels th 


intolerance of crowding, with strife and occasional cannibalism, act more quickly to h: 
the growth of a muskrat population than do limitations of food. The same idea is expres 
by Davis (1951) and Chitt 1952) and has been touched upon in our introduction, namel 


that in a highly competitive population the larger individuals tend to survive. Subs¢ 
quently, when a random sample is taken the dominant survivors bias the sample in the 


direction of greater weight To demonstrate this interaction among muskrats one would 


need measurements of known-age animals by the scores. Up to now, no such data are 
hand. Nevertheless, we suppose that, since older muskrats under trying circumstances ar¢ 
prone to kill younger one so also ma the large: members oft an age class destroy or drive 


out the smaller ones. 
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THE GRAY SQUIRREL 


According to Chapman (1938) three game refuges in Ohio had been closed to hunting 


for t welve y 


8. Although the samp 


ium 


4 





ears, from 1923 to 1934. Gray squirrels (Sciurus carolinensis) attained popula 


1 peaks at five-year intervals, that is, in 1925, 1930, and 1935. Starting in 1935, the refuges 


» opened for a 15-day hunting season each October, with the results indicated in Table 


e was small and ilthough we can not be certain that the squirrels 


ped as ‘‘adults’”’ were of comparable age, the increase in body weight between 1935 and 


1937 appears to have been a genuine response to release of population pressure. Chapman’s 
lata are of special value because they were taken at the time of a population crisis 


TABLE 8.—Body weight and abundance of gray squirrels, 1935-1937 











Year | No. of squirrels | Scan wt pte | 

weighed r killed 

1935 120 16.8 16.9 10.8 2391 0.67 

1936 36 17.8 17.2 2.3 284 0.16 

1937 52 19.3 19.3 7 99 0.09 

After Chapn 1938 

On the evidence of hunting success, raccoon Pre on lotor) were increasing in Missouri 

een 1940 and 1948 (Sanderson, 1951 From 13,500 raccoons the take rose to 79,000 
From 13.1 pounds the average weight of females dropped to 11.9, while that of males fluc- 
ted gent! 

Sanderson concluded that decrease il 0d ! was not responsible for a decre se 

ody weight of females, for, if so, it would have affected the males likewise. He suspected 

rising percentage of parous females was responsible. Previous study had shown that 

the parous female, having nursed young, tends to be lighter than the nonparous. He con 

ided that ‘‘no one factor is alone responsible for the widespread irruption in raccoon 

I bers: however, the biologic | factor cl inges in sex and ige composition of the popu 

| yn in favor of more females and consequently more young—are enough to account for 
tl rruption and are probal the major caus« 

‘ar ford 1950) ha pointed out nteresting .. between large raccoons of botl 

nd high soil fertility and high take by hunters, or abundance. Using 8,180 
I ons taken 11 and 1942 he has prepared statistically fitted curves to show rela- 
ships between soil fertilit ind raccoon harvest. He gives no tabular data 
DEE! 

In North American deer (Odoco herds today nutrition, rather than hunting, pre 
dation, disease, unbalanced sex ratio, or catastrophe, is the most important factor in 
] ting population growtl Hence tron publisl ed reference to an “overpopulation,”’ 
the reader may usually infer an overgrazed range and, conversely, from a reference to an 
verstocked or poor range, a recent irruption. The importance of food in toppling the 

nce of population is clearly expressed on the face of the abused environment—tres 
LIT denuded as high as a deer can reach and browse piants cropped to the bases of the 


ur 


Most accounts of differences in body size of deer compare populations on adjacent or 


milar territories; few compare fluctuations in size within the same genetic strain. (Recall 


e phenotypical differences found by Davis, 1949, between city rats and farm rats.) For 
ig-term, numerical data thav satisfy the conditions listed in our introduction the reader 
probably search ir iin. A fair cro ection of published information on body size in 
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4 


North American deer is given in the collected writings of Gerstell (1936), Johnson (1937 
Cliff (1939), Park and Day (1942), Stoddart and Rasmussen (1945), Martin and Krefting 
(1953), and Latham (1953 

The data of Park and Day approach but do not satisfy our requirements. The authors 
examined over a thousand deer killed on the Allegheny National Forest during a four-year 
period, obtaining dressed weight and antler measurements. They also obtained in three of 
these years two additional body measurements; and in two years, a tail measurement. They 
based the ages of their specimens upon dental formulae. Unfortunately, the size of the 
population, 37,000 to 43,000, varied but little during the study period. The authors conclude 
that ‘‘actual genetic deterioration (body measurements), so far as could be ascertained 
from this study, does not occur before natural balances reduce the herd to normale 


Oo pro 


The reader may question whether a study thus limited in scope should be expected 
duce immediate and significant evidence of genetic deterioration. 

The history of white-tailed deer management in Pennsylvania has been summarized by 
Latham (1953). From an estimated 200 in 1907, the deer kill rose to an astounding 186,000 
in 1940! ‘“‘Annual kill averages, based upon five-year periods, since 1915 show that there 
has been a constant, and almost miraculous, increase in numbers, with no tendency toward 
a leveling off until [1945-1949].’’ Concurrently ‘‘the average body weight of deer has beer 
retrogressing steadily for the past 20 to 30 years.’’ The average weight of antlered bucks 
dropped from about 150 pounds to about 105. Fawns, taken alive in the wild from areas 
where adult bucks were averaging about 105 pounds hog-dressed, and reared in captivity or 
high-quality food, were found to weigh nearly twice this much by the third year. Antlers 
retrogressed in size and in number of tines 


MAN 


Howard V. Meredith has kindly allowed us to reproduce in Table 9 certain data from 
mimeographed summary of his publications (1941, 1943, 1944) on growth in man (Homo 
sapiens). ‘“The greatest increases have been found during the childhood and adolescent 
years, with little change in adult size’’ (in letter 

According to the Population Reference Bureau (letter), the mean population of white 
males in the United States in 1860-1900 was 23,088,698 and in 1930-1950 was 60,833,423 


Meredith’s data cover North American white males while those of the Population Reference 
Bureau cover United States white males; the difference is unimportant 
Here is an example of increase in body size in a population that has been steadily 


creasing. At first glance the pattern resembles the increase in weight of voles in the ascend 


TABLE 9.—Change at successive ages in mean stature (centimeters) of North Americ 


1 ca 
white males 

Age Period 1860-190 Period 1930-19 Difference Per cent differ 
Birth 50.4 50.7 0.3 0.6 
l 73.8 77.1 0.0 4.5 
é 81.6 86.9 5.3 6.5 
{ 96.5 103.4 6.9 7.2 
7 114.3 122.4 8.1 Fon 
10 129.6 139.2 9.6 7.4 
14 151.8 163.7 11.9 7.8 
7 166.3 172.9 6.6 4.0 
19 172.1 175.6 3.5 2.0 
25 171.8 173.5 1.7 1.0 


1 After Meredith; based on comparable ethnic and socioeconomic groups in the two 
periods. 
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ing phase of a cycle. Fundamentally, though, the North American white male has improved 
his nutritional environment through invention and labor, and at the present time his indi- 
vidual growth rate is little dependent upon population density. While there are those who 
predict the North American will tighten his belt during the asymptotic period of 
the century to come, others believe that a wider acceptance of family planning, rather than 


a shortage of food, will eventually halt the runaway growth of the population. It is quite 
likely, of course, that the body size of the individual will tend to be smaller in that ap- 


proaching day as a result of increased nervous excitement—compare the behavior of the 
confined mouse and rat 

Coon (1939) remarks upon “‘the increase in stature which has affected northern and 
western Europe and much of the New World so profoundly within the last century.’’ This 
ch inge is ascribed to ‘““ehanges in type and complexity of civilization,’”’ in other words, 
culturally motivated changes 

“Stature increases,’’ he says, “‘may be matched with equally marked decreases. During 
the Dark Ages, from time of colonization to the sixteenth century, the Icelanders, orig- 





mally as tali as their Norwegian ancestors shrank in size to the stature of 
southern Italians. Climatologists now tell us that this shrinkage accompanied a lowering 

mean annual temperature, and an increased dampness. Icelandic history adds that it 

s a period of near starvation. The Greenlanders, who suffered even more from this cli 
matic change, became even smaller than the Icelanders before their extinction. Yet the 
Icelanders who survived this depression grew rapidly once it was over, until at present 
they comprise one of the tallest. groups in Europe.’’ (We are indebted to Stanley M. Garn 
for this reference 

Change in stature of man during the Dark Ages seems to have been largely a density 
independent phenomenon. Per individual, the energy output required to maintain life in 


the face of increasing cold and decreasing food was high, resulting in a conservation of 
ly size. On the other hand, population density may have modified the equation inas 


much as there was competition for the scant food available. Among North American white 








les today it may be said that competition for food is not a limiting factor in body growth 
Newman (1953) has reviewed certain evidence for the non-genic effect of the environ 
ent on body build, and while his conclusions are not new they are well phrased. “‘It seems 
clear,’’ he says, ‘‘that body build is influenced by both hereditary and direct environmental 
tors. It is likely that the same environmental pressures that provide a selective screen 
ring the better adapted body types, also make somatic impression on the individual 
1u g his life spa! 
SUMMARY 
GENEI R rl HIPS 
Original data on body size with relation t bundance in the Alaska fur seal are pre 
sented. Selected references to the body size ibundance rel itionship in eight other species 
ild mammals and in the albino house-mouse are reviewed. The objective has been to 
describe the influence of population pressure, through the environment, upon the body 
8 of the individual. There appear to be three main environmental causes of reduction 
dy size decrease in food sup} n increase in disease, and an increase in nervous 
vity. The first two are density dependent in so far as they are created or favored by 
crowding. The third is almost always dens dependent, that is, it rises out of the 
reased excitement oI! socia nd sex lal contact Among certain antisocial m immals in 
creased nervous activity seems to bring increased mortality among the weaker, smaller, 
lividuals; the net result being an increase in mean size of the survivors 
For clarification, two other kinds of variation in body size are mentioned. One is varia 
tio about by density independent factors such as weather, catastrophe, adven- 
titiou vase, or chance fluctuation in food supply. The other is a special kind of varia 
tion in “‘average body size,’’ meaning only a change in average size brought about by a 
shift in the age composition of the population 
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The difficulty of determining true age in study specimens has greatly handicap 


investigations of the body size:abundance relationship 
BODY SIZE IN CROWDED POPULATIONS 


The term ‘‘crowded”’ is used here to describe a population that has reached, or i 
proaching, the bounds of its environment and has ceased, or nearly ceased, to grow 
1) The Alaska fur seal population increased 4.3 times between 1913-1920 and 1941-1952 
and since the early ’forties has remained on a plateau. During the rise of the populatior 
the mean body size of the seal apparently decreased. For the six-year old male (sexual! 


mature but only half grown) the percentage decrease in size was: weight, 25; body length, 
11; basilar length, 6; and zygomatic width, 3. The percentage decrease in size showed 
tendency to accumulate with age, suggesting that whatever the limiting factors, they wer 
operative throughout life. Sampling errors were high. The rise in population began wit} 


the protective Treaty of 1911. Cessation of herd growth in the 1940’s is ascribed, lar 


on circumstantial evidence, to increased mortality of young seals and to reduced rate of 


pregnancy. The decrease in body size is thought to be a primary result of competition am« 
seals for food near the breeding grounds in summer. The decrease is correlated with, and 
may , 1. Hookworms 


be partially linked with, a rise in the incidence of hookworm anemi 


however, do not affect fur seals older than pups 
2) In an increasing population of brown rats provided with surplus food and held 
captivity, body weight decreased as a result of nervous excitement. The situation never 
I 


became so critical as to precipitate cannibalism 
3) In a city population of brown rats declining as a result of artificial reduction of food 
whether artificial or natural is unimportant) there was an increase in size of males o1 
This phenomenon was attributed to survival of the larger males in a highly competit 
and critical environment 
(4) In a farm population of brown rats declining as a result of natural reduction of food 
and shelter, no change in | ody size was observed at the end of a year. Here the rate of de 


cline was apparently so gradual that the ratio of food supply to number o 


rats rem ned 
1 


constant. It seems appropriate to consider this 1 special case under crowded populatior 


5) House mice in captivity respond 





1 as did the rats in case 2: they decreased ins 


6) Meadow voles were heaviest at population peak. The lightest individuals wer: 


sumably eliminated from the sampling reservoir by fighting and disease 


7) The weights of over 100,000 muskrats have 


y 





een re corded, along with reliable est 


mates of populations obtained through counts of ’rat houses or counts of trapper takes 
Studies have been made of muskrat food plants and their growth response to fluctuating 
weather and salinit The need has not been met, however, for a long-continued stud 
under careful control, of the effect of population pressure upon body size. In the pre 
state of knowledge it appears certain that muskrats tend to destroy their own food su 


and to suffer a decline in weight 





8) In a raccoon population that increased about five-fold during eight year peri 





the body weight of males apparently remained unchanged. Compensating factors in the 
environment or in the sampling technique are supposed to have produced this effect I 
other raccoon populations sampled at one leve that is t one time ibundancee st \ 


direct correlation with high body weight and high soil fertil 


9) Many deer populations have increased with the cultivation of land in North Ameri 


Deer tend to destroy their forage and to become emaciated. Numerical studies of deer have 





been handicapped by lack of age criteria, and the criteria or indices now available apy 
rather to physiologic than to chronological ag As a result, there seem to be no pu 
lished data from which body size:abundance formulae « be derived 
BODY SIZE IN UNCROWDED POPULATIONS 
Here we might add, of course, the examples just given, since each crowded popula 


has its precursor, an uncrowded ons 
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1) In a city population of brown rats being thinned by trapping there was a1 
, , 
mean bod veignt 
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EMBRYO RESORPTION AND PLACENTAL SCAR FORMATION 
IN THE RAT 


By Cuinton H. Conaway 


The purpose of this study was to investigate the formation of placental scars in 
the rat (Rattus norvegicus) uterus at the sites where embryos have been resorbed. 
The effects of different ages at embryo death, and of total and partial litter re- 
sorption have been studied to determine their relationship to placental scars of 
resorption. 

The suggestion that placental scars are formed at the sites where embryos have 
been resorbed has been made by various workers. Davis and Emlen (1948) re- 
ported a study of multiparous laboratory rats in which the number of placental 
scars was compared with the number of young born. In 10 of 21 females there 
were more uterine scars counted than young born. This they ascribe to production 
of sears by resorbed embryos. Osborn (1953) found an average of 3.37 placental 
scars per female in 19 beaver (Castor canadensis) uteri. Embryo counts of 22 
pregnant uteri gave an average of 2.91 embryos per female. Resorption involving 
one or more embryos was noted in six of the 22 uteri. He suggested that the re 
sorption of embryos might account for the higher scar count in this species. 

Very little direct information has been presented on the relationship of em- 
bryo resorption to placental scar formation. Brambell and co-workers (1948) make 
the following statement concerning resorption in the rabbit (Oryctolagus cunicu- 
lus): ‘“The reabsorption sites remain recognizable as such macroscopically for 
9-10 days after death from stilboestrol administration at either 11 or 1534 days 
post-coitum; although the sites remain visible after that time, especially in the 
1534 series, it is not then possible to distinguish them from old post-partun 
placental sites.”” They made no further observation of the relationship between 
placental scars and embryonic resorption. Kerr (1947) in a study of the histology 
of early stages in the resorption of mouse (Mus musculus) embryos mentions that 
as resorption of 10-day-old embryos continues “cells and pigment are found much 
as in the pregnant spots which mark the position in normal uteri of previous 
placentae.”” Both of the above quoted statements indicate that resorption of 
embryos in the rabbit and mouse may result in the formation of scars. Howevei 
no detailed studies of this subject have been made 

The placental scars of the rat appear as yellow to black pigmented areas along 
the utero-mesometrial border. Their origin seems identical with that of the scars 
in the mouse which have been studied by Deno (1937). He found that scars ar 
produced by accumulations of hemosiderin in the cells of the reticulo-endothelial 
system that are associated with the involuting metrial gland. In both the rat and 
mouse, the metrial gland is a prominent structure at the base of the placenta, 


characterized by large glandular appearing cells. Presumably it is formed by an 
extension of the decidual response into the connective tissue of the myometrium. 
The pigment-laden cells are concentrated in this area between the longitudinal 


and circular muscle layers although some are found in the deeper stroma of th 


endometrium. As the age of the scar increases the pigmented area may decreas 
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in size and appear darker in color. Deno (1941) has noted such decrease in size 
of the scar in the mouse. However it has been shown that scars remain visible for 
at least a year in both the rat and the mouse (Deno, 1941; Davis and Emlen, 
1948). Davis and Emlen (loc. cit.) also demonstrated that placental scars do not 
occur in virgin rats. 

Procedure.—Virgin albino rats, three months or more in age, were used in this 
study. Estrus was determined by the lordosis response. Estrous females were 
placed in a cage with several males at about 9 pm and isolated the following morn- 
ing. The day of isolation is considered as day one and all dating is from this refer- 
ence point unless otherwise indicated. 

Experimental embryo resorption was induced by the use of injections of a solu- 
tion of powdered colchicine in normal saline. Kerr (1947) successfully used 
colchicine solutions to produce embryo death in mice. One milligram of powdered 
colchicine was dissolved in 2.5 ec. of physiological saline immediately prior to 
injection. 

The females in one group were given a subcutaneous injection of colchicine 
solution. Prior to treatment an exploratory laparotomy was performed to record 
the number and distribution of embryos. A single injection of the colchicine 
solution was given either immediately after laparotomy or on the following day. 
The dosage found most effective was 0.27 ec. per 100 grams of body weight. A 
second laparotomy was performed two to four days after the injection of colchi- 
cine to determine the extent of resorption. Minor variations of this general 
schedule were used on some animals. 

In a second group of females colchicine solution was injected through the 
uterine wall into individual gestation sacs at the first laparotomy. The dosage 
given to each treated gestation sac was 0.07 cc. of the solution described above. 
Usually only one or two embryos were treated. A second laparotomy was done in 
two or three days to determine the extent of resorption. This method was used 
with some success to produce resorption of only a portion of a litter. 

One uterine horn was removed usually about 30 days after resorption of the 
litter, or 30 days after the birth of the surviving fetuses. The time of removal of 
the second uterine horn varied. Sometimes both horns were removed at the same 
time. The number and distribution of placental scars were recorded at the time 
of removal of the uterus. Uteri were pinned to the bottom of a dissecting pan and 
fixed in 10 per cent formalin. Measurements of the length and breadth of the 
placental scars in the fixed specimens were made with a filar micrometer and 
30X magnification. The measurements were taken from the edges of the pig- 
mented area, but frequently the boundaries of the scars were not sharply defined. 
In these instances selection of reference points for the measurements was some- 
what arbitrary. Although every effort was made to treat the tracts uniformly it 
was impossible to pin them for fixation so that they were stretched exactly 
equally. Because of this error, measurements of scars in different uterine horns 
are only crudely comparable. Scars in the same uterine horn may be more criti- 
cally compared with each other since it was possible to stretch a uterus equally 
throughout its length by placing pins only at both ends of the horn. 
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The formalin-preserved uteri were bleached in an aqueous solution of 2 per cent 
hydrogen peroxide for several days. This technique was found very effective if 
blood in the uterine vessels obscured the utero-mesometrial region. The color of 
the placental scars was unchanged by the peroxide treatment while the surround- 
ing tissue was bleached, thus the contrast was greatly improved. Bleaching was 
especially useful if scars were faint. Clearing bleached uteri with wintergreen oil 
greatly increases the contrast of placental scars. This technique was not used 
routinely with rat uteri since the tissues are sufficiently thin to permit detection 
of the pigment without clearing. However placental scars of other species with 
thicker uteri can be much more clearly demonstrated by this method. It is espe- 
cially helpful if the pigment is deposited in the endometrium. Routine bleaching 
of uteri of any species, followed by clearing if the tissue is thick, would probably 
be a worthwhile procedure to increase the accuracy of placental scar counts. 

Paraffin sections of representative scars were prepared for microscopic study 
Sections were cut at 8 micra and stained in hematoxylin and eosin. 

A total of 136 experimental animals were used in this study, but results are 
presented for only 53 individuals. The remainder have been excluded for a variety 
of reasons. During the course of experimental procedures 41 animals died. Many 
of these losses occurred early in the study during the process of standardizing 
colchicine dosages. Seven animals were not pregnant at the time of the first 
laparotomy and were discarded. Some animals were eliminated because severe 
postoperative adhesions obscured the placental scars. When only one uterine 
horn was involved, data were obtained from the unaffected side. The remainder 
have been excluded because of other imperfections in the data, especially uncer- 
tainty as to the time of resorption or the failure to show resorption at the second 
laparotomy. Data from those animals not discussed do not in any way suggest 
differences in results from those presented. 


RESULTS 


Simultaneous total litter resorption.—Death of all of the embryos in a litter at 
approximately the same time followed by their resorption will be designated as 
simultaneous total litter resorption. All but two examples of this type of resorp- 
tion were obtained by the use of subcutaneous injections of colchicine although 
many animals so treated did not resorb in this way. In two animals all gesta- 
tion sacs were directly injected with colchicine. 

The results obtained by the use of subcutaneous injections of colchicine were 
not always satisfactory. Loss of some females resulted from use of the drug, ap- 
parently because of low thresholds of sensitivity. A major difficulty, however, 
was that there was obvious variation in the times at which fetal death occurred 
Occasionally some of the gestation sacs appeared normal at the time of the second 
laparotomy while others were being resorbed. If some living young were born, 
these animals have been included with those data in the section under partial 
litter resorption whenever the information was sufficiently precise to make it of 
value. If no living young were born, the animals are discussed under the section 
on prolonged total litter resorption. 


Animals in which all of the embryos were resorbing at the time of the second 
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aparotomy showed only slight variation in the appearance of the gestation sacs 
in any individual female. This would indicate that all embryos of the litter had 


died at about the same time. There was however, considerable variation between 


females with regard to the appearance Ol the gestation sacs at the second laparot 


omy Apparently this was due to variations in the time interval between injection 





1 embryo death as well as between injection and the second laparotomy. It 
was therefore necessary to estimate the day of fetal death by evaluating the size 
and appearance of the gestation sacs at the time of the second laparotomy. 


Since the time between the first and second laparotomies was usually between 


two and four days, the maximum resorption noted was assumed to indicate that 


1 


embryo death had occurred shortly after the first laparotomy. Thus if the uterine 


lumen was clear of detritus and only the metrial gland area was visible at the 


nplantation sites it was assumed that embryo death had occurred at least three 


days prior to examination. If the uterine lumen was swollen, filled with dark ma 


k 
terial and the gestation sacs not discrete this was taken to indicate that embryo 
death had occurred one to two days earlier. If the gestation sacs were discrete 
swellings but dark, it was assumed death had been recent 
While the day on which embryo death occurred can only be estimated, a period 
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53 15 15 17 15 7 17 7 7 47 7 
66 14 15 17 16 } 16 3 3 100 3 
54 15 15 18 16 6 46 6 2 46 2 
46 14 15 21 18 10 44 10 2 110 2 


M-3* 9 9 13 10 2 60 0 0 60 0 
M-20* S 8 11 9 ) 62 0 0 62 0 


* All embryos directly injected with colchicine 
t Adhesions 
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of several days can be given during which embryo death must have occurred. A 
conservative delimiting of this period would be from the time of the first lapa- 
rotomy until the second It is probably reasonable to further confine this period 
to the time between colchicine injection and the second laparotomy. It is possible 
that early natural resorption might have occurred and it might not have beer 
recognized at the time of first laparotomy. However it is highly improbable that 
this happened with any great frequency 

The data from animals in which entire litters were resorbed are summarized 
in Table 1. These results show that when embryo death occurred between thi 
seventh and tenth days of pregnancy, resorption followed without the formatio1 
of placental scars. The results obtained in the three animals in which all embryos 
were estimated to have died on the eleventh day of pregnancy are variable. Pla- 
cental scars were formed at 26 of the 30 resorption sites involved in this group 
No sears are visible at four of the implantation sites. Embryo death occurring 
on the twelfth day or later always resulted in the formation of a placental sca: 
at the resorption site (1, 2, Pl. I 

The scars of resorption were compared with those found in normal parous 
uteri in an attempt to determine whether or not the two groups were distinguist 
able. No criterion for differentiation was found. The color varied between pal 
orange and black in both groups. Newly formed scars were orange and those that 
had been formed for a considerable time were darker. However the rate at whicl 
the scars darkened was highly variable. Frequently, both in parous and experi 
mental animals considerable color variation was noted in adjacent scars in th 
same uterine horn. Measurements of the size of the placental scars show that this 


character is of no value in differentiating those formed at resorption sites fror 


those formed at normal embryo sites, although scars formed at sites where re 





sorption began on the eleventh day are often smaller than those formed at late 
resorption sites. Usually these scars are also noticeably fainter than those of late 
resorption, apparently due to the deposition of less pigment in the scar area. 
These differences are transient and variable so that they are of no value in dis- 
tinguishing scars of resorption. There is no apparent difference in size betwee 


scars in uteri of those animals in which resorption occurred after the twelfth day 


and those in parous uteri. Extreme variation in size with complete overlapping 
of range is apparent in both groups 

Comparisons of sizes of placental scars in different uterine horns are of doubt 
ful significance since the horns could not be uniformly stretched before fixatio1 


The d 


not presented. More reliable data for comparing scars at resorption sites with 


ata concerning measurements of scars discussed in this section are therefore 


those at normal sites are piven in the follow ing sectior 

Partial litter resorption.—This category includes those females in which one o 
more embryos were resorbed V hile the surviving young were carried to term and 
delivered. Most examples of partial litter resorption were obtained by making 
direct injections of colchicine into some of the gestation sacs at the time of the 


first laparotomy. The appearance of the injected gestation sacs at the second 


laparotomy indicated that embryo death must have occurred very shortly afte: 
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eatment. Frequently gestation sacs adjacent to those treated also were being 
resorbed at this time. Females were permitted to nurse the surviving young for 
three weeks 
Placental scars were formed at resorption sites in all cases if embryo death 
occurred on the seventh day of pregnancy or later (Table 2). This is in contrast 
to the results obtained when entire litters were resorbed. It has been shown 
above, that in simultaneous total litter resorption placental scars are not formed 
at resorption sites if embryo death occurs prior to the eleventh day of pregnancy 
Sufficient material is available from both groups to suggest that the difference is 
real. However such a conclusion must be tentative since the time of embryo 
death could not be precisely determined in either group 

Only a portion of the experimental animals can be used for comparison of the 
scars at resorption sites with those at normal embryo sites. The useful data are 

those animals in which the number born plus the number known to be re 

sorbing at the second laparotomy was equal to the total number of embryos 
recorded at the time of injection. Often the number born was less than the num 
ber of viable embryos recorded at the second laparotomy. Some of these discrep 
ancies possibly were attributable to females eating newborn young, however the 
ajor cause was apparently additional resorption after the second laparotomy 
In such cases it was not known which scars were the sites of term embryos 

lhe usable material is especially suited for making comparisons between the 
scars formed at resorption sites and those at normal sites since the two types of 


scars usually are adjacent in the same uterine horn. The color of both types of 


scars was extremely variable and of no value in determining their origin. The 





measurements of the scars are given in Table 3. They show that size cannot be 

ised to differentiate the two types of scars As in simultaneou total litter resorp 

tion the scars formed by resorption early in pregnancy (before day twelve) tend 
be sn r and especially fainter, but even this is not constant (3, 4, Pl. I) 
Prolonged total litter resorption—This class includes those animals in which 


embryos were resorbed but the individual! embryos died at various ages during 


gestation. Resorption of this type occurred in some animals of both the subcuta 


R 
neously injected and direct embryo injected groups of colchicine treated females 
\t the second laparotomy it was apparent that some embryos were being re 
sorbed while others were viable. Following the laparotomy, routine palpations 


is, 


ndicated roughly the condition of the remaining embryos. Resorption of these 
embryos was estimated in some cases to have begun shortly after the second 
aparotomy. Frequently some of the fetuses appeared to remain viable until 
near term. Degenerating fetuses have been palpable as late as 25 days after 
copulation. In such cases of late resorption considerable vaginal discharge of 
detritus occurred through several days 

Many of the animals falling into this class contribute no additional information 
and these data are not presented. In a small group some of the embryos are known 
to have been resorbed between the eighth and eleventh days of gestation whil 
others remained viable until after the twelfth day. The results from this group 
Table 4) are of interest to compare with those presented in previous sections. 
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TABLE 3.—Size of placental scars in partial litter resorption 
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The results show that if some embryos die between the eighth and tenth day 
while others remain viable until later pregnancy placental scars are formed at all 
of the resorption sites. Thus the relationship between age at embryo death and 
placental scar formation is as in partial litter resorption rather than in simulta- 
neous total litter resorption. The size and appearance of the placental scars 
5, 6, Pl. I) are also comparable to similar stages of partial litter resorption. 

Resorption in untreated animals.—Naturally occurring resorption was encoun- 
tered in four animals. One of these was an example of total litter resorption and 
the other three were cases of partial litter resorption. One of the latter (animal 
*40) provides especially good data for making comparisons of the scars formed 


at resorption sites with term scars. This animal was first laparotomized on the 


ifteenth day of pregnancy at which time one resorption site and four normal 
embryos were seen in the right horn, while four resorption sites and three normal 
embryo sites were present in the left horn. The age at death of the five resorbing 
embryos was estimated to have been day 12. At a second laparotomy on day 19, 
all four embryos of the right horn were normal while the three on the left side, 
which had appeared normal at the first laparotomy, were in various stages of 
resorption. The ages at enibryo death were estimated as day 15, 16 and 18. On 
day 21 four young were born normally. Therefore in this animal there was con- 
siderable variation in the ages at which resorption began, and these sites as well 
as the sites occupied by term animals are known. Data from the four untreated 
animals are summarized in Tables 5 and 6 

Comparisons of the material from untreated animals with similar specimens 
from the colchicine treated series showed no difference in the appearance of the 
scars (7, Pl. I). No examples of any type of resorption in animals prior to day 12 
were obtained. Possibly in early pregnancy a difference might be found in the 
relationship of resorption to scar formation in untreated as compared to colchi- 
eine treated animals. However the similarity betwee1 the sears of the two groups 


whe 


of cochicine to induce embryo death does not produce any unique effect on the 


resorption occurred in late pregnancy supports the assumption that the use 


placental scars. It seems valid to use the experimental findings to predict the 


results that would be expected in natural resorption 


Histology of scars—Sections of representative term and resorption scars were 


examined to determine if there were distinct microscopic differences between the 


removed day 46. Large pigment granules in mucosa. Small scattered granules in hyper 
trophied metrial gland area. X135 

10. Indicated segment of 9 enlarged to show pigment laden cells in circular muscle 
stratum. Note pigment granules of mucosa and metrial gland area. 285 
Mesometrial area of right uterus of M-18. Partial litter resorption. Uterus removed 
day 50. Resorption day 8 at site shown. X135 

12. Mesometrial area of right uterus of M-18. (See 11.) Resorption day 10 at site shown 
Large pigment granules are deposited in both the mucosa and metrial gland. 135 

13. Mesometrial area of left uterus of No. 37. Total litter resorption day 14. Uterus re 
moved day 104. Few pigmented cells remain in the mucosa. Large granules are present in 
the involuted metrial gland. 135 

14. Mesometrial area of right uterus M-18 (see 11). Term embryo site. Unusually heavy 


and concentrated pigment deposition in both the mucosa and metrial gland region. X135 
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two types of scars. Scars of various ages were also studied in order that involu- 
tional changes could be separated from any other differences that might exist 
The involutional changes that occur in the rat placental scar are much like 
those of the mouse as described by Deno (1937). The major difference is that in 
the rat regression occurs more slowly. Deno (1937) indicates that in the mouse 
at 16 days post-partum “the macrophages which formerly extended throughout 
the wall of the placental site now are found chiefly in the outer half and extend 
into the mesentery.’ By 24 days post-partum ‘“‘the only indications of the placen 
tal site are the hemosiderotic areas at the base of the broad ligament.”’ Rat pla- 
cental scars at 20 to 30 days post-partum still have many pigment laden cells in 
the deeper endometrium and they are particularly concentrated in the endome- 
trium adjacent to the broad ligament. The pigment granules contained in these 
cells are distinctly larger and more closely packed than those of the mesometria 
macrophages which at this stage have fine, scattered granules (8, 9, 10, Pl. II 
Some pigment cells persist in the mucosa until at least three months post-partun 

The fate of the mucosal macrophages is not clear. The appearance of scars 
taken at 20 to 30 days post-partum suggests that some of these cells move out 
ward through the circular muscle layer into the mesometrial region. Frequently 
the circular muscle in this region is interrupted completely so that the pigment 
cells external and internal to it form a continuous mass. In other cases pigment 
cells occur between muscle cells in this area and may be interpreted as migrating 
The number of pigmented macrophages in the mucosa obviously decreases as 
involution progresses (9, 13, Pl. II) and it seems likely this is due to their migra 
tion and concentration in the mesometrial area. 

The macroscopically visible darkening of the placental scars that occurs with 
regression is correlated with changes in the pigment granules and macrophages 
The pigment cells become more closely packed and decrease in size. The granules 
within the cells are also much closer together and many more large granules are 
seen than in early stages of involution. The color of the individual granules does 
not seem to become darker in the material examined. There is much variation 
in the rate at which the changes occur in different animals and in different scars 
of the same set in an individual rat. Such differences are reflected in the great 
macroscopic variation previously noted 

Comparisons of the placental scars of resorption with those of term embryos 
show that they are similar. Scars formed at early resorption sites (11, 12, Pl. Il 
usually have fewer pigment laden cells than term scars (14, Pl. II). This differ 
ence is slight compared to individual variation and regression changes. It is not 
of value in distinguishing scars of early resorption in material for which the history 
is not fully known. No differences were found between the scars of later resorptio! 
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rhe data indicate that there is a difference between simultaneous total litte: 
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result in placental scar formation. If the entire litter is resorbed, placental scars 
are formed when all of the fetuses die on about the eleventh day of pregnancy or 
later. If only a part of the litter is resorbed or if some embryos remain viable 
until later in pregnancy, placental scars are formed when embryo death occurs 
as early as the seventh or eighth day of pregnancy. 

All cases of early partial litter and prolonged total litter resorption were obtained 
by making direct injections of colchicine into individual gestation sacs. The 
majority of examples of simultaneous litter resorption were produced by subcu- 
taneous injections of colchicine into the pregnant females. However in two ani- 
mals simultaneous total litter resorption on the ninth and tenth days was pro- 
duced by directly injecting all gestation sacs. Scars were not found at these sites, 
while they were found at comparable sites if either prolonged total or partial 
litter resorption occurred. This suggests that the observed difference in the rela- 
tionship between age at embryo death and scar formation was not due to tech- 
nique. The number of animals available in the critical early stages and general 
uniformity of results during this period support the conclusion that there is a 
real difference. An explanation of this difference can be postulated by considering 
the relationship of the placental scar to the metrial gland and the hormonal 
control of the metrial gland. 

The metrial gland of the rat develops beneath the placenta in the area between 
the circular and longitudinal muscle layers. Baker (1948) has studied the develop- 
ment of this structure. He found that the metrial gland first begins to develop 
on the sixth day of pregnancy when connective tissue cells hypertrophy, become 
hyperplastic and show basophilia. By the ninth or tenth day eosinophilic granules 
appear in these cells. The peak of development is reached between the thirteenth 
and fifteenth day. Involution begins about the seventeenth day. Lipids increase 
steadily throughout involution and in the early post-partum period. 

Pigment granules begin to appear in the metrial gland area shortly after 
parturition. The majority of the pigment is hemosiderin (Deno, 1940) although 
lipochrome may occur (Baker, 1948). The pigment is collected in macrophages 
that are of uncertain origin. The size of the metrial gland decreases rapidly 
during the post-partum period so that only the pigmented spots remain by 24 
days post-partum in the mouse (Deno, 1937 

The effects of steroid hormones on the metrial gland have been studied by 
several workers. It is apparent that progesterone acting on an estrogen-sensitized 
uterus is required for the formation of deciduae and the metrial gland (Selye 
and McKeown, 1935). Progesterone appears to be responsible for the main- 
tenance of these structures. Continuous treatment of castrate female rats with 
1.5 milligrams per day of progesterone will maintain the metrial gland of de- 
ciduomata until the eighteenth day (Velardo et al., 1953). Other steroid hormones 
seem to have little or no effect (Masson et al., 1942). 

The difference in effect of age at embryo death on placental scar formation in 
partial and prolonged total litter resorption as compared to simultaneous total 
litter resorption may be due to the relationship of progesterone to the metrial 
gland. In partial litter resorption, progesterone levels would be maintained by 
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the remaining functional placentae and the corpora lutea. Presumably the 
metrial glands and deciduae would also be maintained longer than they would 
be if all embryos were resorbed. Preliminary experiments have shown that 
placental scars will be formed at the sites of deciduomata in the non-pregnant 
horns of unilaterally pregnant rats. Therefore it would be expected that main- 
tenance of the metrial gland and deciduae would effect the formation of the 
scar. In contradistinction the absence of functional placentae and termination 
of pregnancy in total litter resorption would be expected to result in lowered 
progesterone levels. Then the metrial gland may involute before reaching the 
stage necessary to produce macroscopically visible scars. 

The number of embryos surviving beyond the twelfth day does not seem to 
be a factor influencing the development of placental scars at the sites of earlier 
embryo resorption. In one example of partial litter resorption (Table 2, no. 
M-18), 14 of 15 embryos were resorbed between the eighth and ninth day of 
pregnancy so that only a single young was born. Scars were visible at all 15 
sites in this specimen. Similarly in one case of prolonged total litter resorption 
(Table 4, no. M-4) only two of ten embryos survived beyond the ninth day and 
these were estimated to have died by the fourteenth day. Placental scars were 
found at all ten sites. 

The placental scars formed at resorption sites cannot be distinguished from 
those formed at the sites of normal embryos. Scars formed by resorption early 
in pregnancy are usually somewhat smaller and less distinct than those of re- 
sorption after the twelfth day of pregnancy or of normal embryos. However 
individual variations in the size and color of scars is so great that even scars of 
early resorption cannot be certainly differentiated. It is interesting to note that 
the metrial gland reaches its maximum development on about the thirteenth 
day of pregnancy. This may explain the similarity between scars of later gesta- 
tion resorption and scars of term embryos. The formation of a placental scar 
seems dependent upon the establishment of decidua and a metrial gland rather 
than on the presence of an embryo and placenta. 

Considerable use has been made of placental scar counts as criteria of the pro- 
ductivity of various mammalian species. This technique seems most useful in 
monestrous forms. It has been used with some success by Sanderson (1950) in 
raccoon (Procyon lotor), Sheldon (1949) working with foxes (Vulpes fulva, 
Urocyon cinereoargenteus), and by Osborn (1953) in beaver. The rapid suc- 
cessions of litters in polyestrous forms results in the formation of large numbers 
of placental scars of several generations. Davis and Emlen (1948) have shown 
that in multiparous rats the number of young born may be considerably in 
excess of the observed number of placental scars. They attribute this discrepancy 
to superposition of successive placental sites or fusion of the scars. Their studies, 
and those of Deno (1941), have indicated that the scars do not rapidly regress 
with time in the rat, since they remain clearly visible for at least one year. In 
the uniparous rats used in this study only one generation of scars was present. 
The number and distribution of placental scars was always equal to the number 
of viable embryos present on approximately the eighth day or eleventh day of 


pregnancy depending on the type of resorption that occurred. 
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The mechanism of placental scar formation is probably similar in species 
showing pigmented spots at the placental site. It is reasonable to expect that 
placental scars will be formed in such species at resorption sites as they do in 
the rat, although the relationships between age at embryo death and placental 
scar formation may differ. Therefore calculations of productivity made by the 
use of placental scar counts may overestimate the number born if resorption 
occurred. 

Embryo resorption is known to occur in many species and frequently the 
percentage of resorption is high (Brambell, 1948). Resorption rates may also 
vary markedly in different populations of the same species (Atwood, 1950; 
Brambell, 1948). The evidence suggests that in the rat (Perry, 1946), the rabbit 
(Brambell, 1948), and the mouse (Hollander and Strong, 1950), partial litter loss 
occurs randomly throughout gestation. Total litter loss after implantation is less 
common in the rat than is partial litter loss (Perry, 1946). In the striped hamster 
Cricetulus griseus) both types of embryo loss commonly occur (Fortuyn, 1929). 
Total litter loss is very common in the rabbit and occurs mainly between the 
eleventh and fifteenth day of pregnancy (Brambell, 1948). 

The possibility of embryo resportion and the effect that this might have on 
placental scars must be recognized in the evaluation of productivity data de- 
rived from placental scar counts. 

Acknowledgment—Special acknowledgment is given to H. W. Mossman for 
helpful suggestions and criticisms. This work was partially supported by the 
Wisconsin Alumni Research Foundation. 


SUMMARY 


If all embryos in the litter of a rat were resorbed at the same time, placental 
scars were usually formed at resorption sites when embryo death occurred on 
the eleventh day of pregnancy. Resorption after the eleventh day always re- 
sulted in scar formation while resorption prior to this never did. 

If only part of the embryos in the litter were resorbed, embryo death on the 
seventh day or later resulted in scar formation at all resorption and term sites. 

If some embryos resorbed between the eighth and eleventh day and the 
remainder after that, scars formed at all sites 

Placental scars formed similarly at resorption sites in four untreated animals 
and were indistingiushable from those found in the treated series. 

The size and appearance of the scars of resorption were similar to term scars. 
No gross or microscopic criteria that would clearly distinguish between the 
two types of scars were found. 
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A FIELD STUDY OF GROWTH IN MICROTUS PENNSYLVANICUS 
By Kite R. BARBEHENN 


The genus Microtus is of great and widespread importance to agriculturalists 
and students of animal ecology because of its periodic fluctuations in numbers. 
That the often cited, extremely high reproductive potential indicated by Bailey 
(1924) for M. pennsylvanicus is seldom attained in nature and that deviations 
from the potential vary in different stages of population development was in- 
dicated by Hamilton (1937a). A detailed knowledge of the factors influencing 
reproductive rate, therefore, is essential to an understanding of population 
dynamics. One of these factors is growth rate. Growth rate not only affects the 
ontogeny of the individual, but its effects are transmitted directly to the popu- 
lation. 

Laboratory studies of growth and development have been conducted by 
tanson (1934) and others for M. agrestis, by Selle (1928) and Hatfield (1935) 
for M. californicus, by Bodenheimer (1941) for M. guentheri, by Morrison, et 
al. (1954) for M. oeconomus, by Cowan and Arsenault (1954) for M. oregoni, and 
by Hamilton (1937b, 1941) for M. pennsylvanicus. In general, these studies 
have indicated a rapid early growth averaging between 0.6 grams per day for 
the small M. oregonz to 1.0 grams per day for the large M. californicus. Female 
Microtus may begin to breed at an age of 3 to 4 weeks, and the male a week or 
two later. A period of relative sterility following puberty is recognized by Boden- 
heimer and by Cowan and Arsenault and is suggested for the male by Leslie 
and Ranson (1940). The young of M. oregoni born after late July do not attain 
puberty during the same season, and mice born late in the season grow slower 
than earlier captive litters. 

Field studies on M. pennsylvanicus have been conducted by Hamilton (1937), 
1941) who indicates agreement with laboratory results. The only room for varia- 
tion is suggested by the statement (1941), ‘““Not all the marked mice which were 
recaptured showed such a rapid growth.... This mouse [a female initially 
weighing 19 grams on June 16] increased 13 grams in weight in 39 days.’’ Males 
60 days old should weigh 40 to 45 grams (1937)). 

Observations of significant variation in the average size of adult males taken 
from different fields in the Ithaca, New York region during the summer of 1952 
led the author to investigate the possible effects of soil fertility on the growth 
rate of this vole 


STUDY AREAS 


Since the general areas where much of Hamilton’s work was done were, by 
coincidence, all located on soils derived from calcareous lake-laid deposits, it 
was planned to compare growth rates of mice on a similar soil to those on a 
soil derived from acid sand-stone and shale till. The most recent soils map avail- 
able at the beginning of the study (Howe, 1925) was used to select sites. Un- 
fortunately, the high-lime area chosen in 1952 was unexpectedly reclaimed for 
surplus livestock in 1953. This concentrated work for that season on an area 
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near the East Hill Airport, five miles northeast of Ithaca. This area had been 
mapped as Volusia, a gley associate of strong Podzols. Recent revisions of the 
classification of New York soils by Dr. M. G. Cline have resulted in the re- 
mapping of the Ithaca region (Tompkins County) now in progress. The present 
incomplete map has been made available through the courtesy of Mr. Ned 
Giddings of the Soil Conservation Service, and indicates that the Airport field 
is now classified as Lyons, a Gray-brown Podzolic gley associate derived from 
till containing limestone. 

Two of the 12 acres worked here had been planted to corn in 1951, and by 
1954 had developed a fair stand of redtop (Agrostis alba) and Canada bluegrass 
(Pou compressa). Clovers (Trifolium spp.) were still abundant but had declined 
since 1952 and 1953. The rest of the area was mostly long-abandoned pasture, 
the composition of which varied with soil drainage, shade, and details of past 
management practices. Timothy (Phleum pratense), goldenrods (Solidago spp.), 
strawberry (Fragaria sp.), hawkweeds (Hieracitum spp.) and cinquefoil (Po- 
tentilla sp.) dominated the drier areas; sedges (Carex spp.), native grasses (Gram- 
inae), sensitive fern (Onoclea sensibilis), and woolgrass (Scirpus cyparinus) 
dominated the wetter areas. Willows (Saliz spp.) and arrowwood (Viburnum 
dentatum) were common, but seldom dense enough to reduce herbaceous cover. 

The area selected in 1954 (because no mouse sign could be located in more 
suitable fields) was a one-acre field on the farm of Dr. Lyman Fisher, five miles 
north of Ithaca. The soil type is Fulton (derived from lake-laid silts, shallow to 
bedrock). The vegetation was birdsfoot trefoil (Lotus corniculatus) and orchard 
grass (Dactylus glomeratus), with poverty grass (Danthonia spicata) in the drier 
spots and sedges (especially C. granularis and C. vulpinoidea) in the wetter. 
Chickory (Cicorium intybus), Queen Ann’s lace (Daucus carota), and arrow- 
leaved aster (A. saggitifolium) were the most conspicuous of a variety of typical 
weeds. 

Methods.—In 1953, various portions of the Airport field were live-trapped on 
five occasions between June and August, and again in late November. Traps, 
baited with rolled oats, were checked in the late morning and again just before 
dark. Mice were toe-clipped for identification and weighed to the nearest 4% 
gram on a pan balance by rolling them up in a light plastic bag. Most mice were 
weighed only once during each trapping period because of the time required to 
run 90 to 120 traps with no knowledge of how large the catch would be. 

In 1954, the techniques of prebaiting and selective trapping permitted a good 
estimate of the catch, and time could be allowed to weigh all mice recaptured 
within a period. The Airport field was live-trapped in late June, July and August, 
and the Fisher field on the first weeks of July, August and September. Both 
areas were thoroughly snap-trapped in late September, 1954, and the Airport 
field was snap-trapped again in October. 


RESULTS 





Daily fluctuations of individual weights—The time of capture, length of con- 


finement, and reaction of the individual to the confinement situation affected 
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the weights of the captured animals. In general, mice recaptured at noon or in 
the evening following a morning capture had increased about two grams in 
weight. Many mice did not fluctuate beyond these narrow limits despite repeated 
captures in a short period. Others lost weight progressively, two grams per day 
being about average. Excessive losses of 15 to 20 per cent of “normal’’ body 
weight were not uncommon, and occasionally resulted in obvious weakening or 
death. One individual was left in a trap over night intentionally. Hs weight 
went from 25.5 grams to 20.5 grams in 13 hours. This was the greatest relative 
loss observed in one day, and it is thus assumed that few mice entered the traps 
after sundown. The fact that “nervous” mice usually kicked the two to four 
grams of rolled oats out of the traps probably aggravated their situation. Female 
weight losses varied from 6 to 19 grams due to parturition. 

[t is obvious that the methods used involve an error much in excess of the 
mechanics of weighing. An estimate of the weight change of an individual be- 
tween periods was made only after careful study of his records. In general, either 
the first morning or the first evening capture was compared to the corresponding 
figure for the preceding period, and it is assumed that the animals were in com- 
parable trap-influenced condition. Individual fluctuations of less than 10 per 
cent between periods are probably not significant unless the majority of the 
population react similarly. 

Summer growth of juveniles—Hamilton (1941) has indicated that young 
meadow mice leave the nest to run about and feed beginning about the ninth 
day after birth at a weight of 11 grams. They are weaned beginning on the 
twelfth day at a weight of 14 grams. Bodenheimer (1949) gives 10 days and a 
weight of 7.5 grams as the minimal weight at which forced weaning is survived 
in M. quentheri. These generalizations would seem valid on the basis of the 
rarity with which mice weighing less than 10 grams are taken by snap-trapping, 
however, during the 1953 season, 14 mice weighing less than 10 grams each 
were live-trapped in the Airport area. Nine of these weighed between 5.5 and 
7.5 grams, and five of this group (including the tiniest) were retrapped after a 
period of three weeks or more. Such good survival would not be expected of 
very abnormal young. 

Recovery rates on juveniles is unfortunately low, and females are favored over 
males. At the Airport field, a total of eight mice (1M:7F) were recovered before 
reaching puberty in 1953, and eight more (4M:4F) in 1954. Only six (2M:4F) 
were recovered in the Fisher field, and four of these were the results of nine mice 
released on the area by E. J. Harrington on August 11, 1954. None of the females 
discussed here had been bred. 

Little variation was observed in the growth rate of juvenile mice due to sex, 
field, or year. In 1953, during periods between June 25 and August 20, the rate 
of weight increase was 0.4 grams per day in the Airport field. In 1954, from 
July 27 to September 20, the average in the same area was 0.25 grams per day, 
with the fastest, a female, being 0.4 grams per day for a 27 day period. The 
rates on the Fisher field from August 11 to September 26 were between 0.2 and 
0.5 grams per day. Recaptures over periods greater than three weeks may be 
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misleading, since a relatively rapid increase may be terminated sharply when a 
weight of 20 to 23 grams is reached and the subadult pelage is assumed in late 
summer. 

Summer weights of subadult and adult males.—Hamilton (1941) has indicated 
that male Microtus pennsylvanicus, under natural conditions, may become sex- 
ually mature when five weeks old, at a weight of 25 grams or more. Five to 
15 per cent of mice weighing 20 to 25 grams may be fecund (1937b), using size 
of the epididymis tubules, vesiculae, and testes as criteria. Christian (1950) has 
noted a 10.0 gram juvenile undergoing active spermatogenesis, although no 
spermatozoa were recorded from the epididymides. Such a condition is possibly 
not infrequent. Several live-trapped juveniles have been recorded in the present 
study as having enlarged and descended testes. These organs have apparently 
regressed later and withdrawn, leaving the individuals looking very much like 
females, with bare skin between the anus and penis 

The breeding condition of males cannot be determined with much certainty 
from external appearance. Jameson (1950) has recently re-emphasized the need 
for observing the accessory organs in determining fecundity. Observations in the 
present study suggest that the seminal vesicles of M. pennsylvanicus lag con- 
siderably behind the testes in development, and regress more readily. Since most 
of the animals whose growth rates were known were not dissected, few correla 
tions are possible. 

The greatest variation in growth rate occurs in the subadult and adult mice. 
At the Airport field in 1953, three 20 gram males increased at the rate of 0.4 
grams per day from June 24 to July 26. At the same time, a 35-gram male in- 
creased 0.2 grams per day and a 42-gram male remained constant. From mid- 
July to mid-August, 11 of 18 mice uniformly distributed between the weights 
of 22 to 37 grams increased slightly (mostly 0.2 grams per day) and two lost 
slightly. In 1954, the males of this field were mostly in the 35 to 45 gram weight 
range during July. Equal numbers of 18 males lost and gained about 0.2 grams 
per day. A single mouse, weighing 25 grams on June 24, gained at the rate of 
0.4 grams per day. On July 27, this mouse was two grams heavier than anothe! 
male that had weighed 40 grams on June 23. 

Between July 8 and August 7, 1954 on the Fisher field, all of nine mice ranging 
from 22.5 to 56 grams increased in weight. The fastest growing male recorded in 
this two-year study ‘0.6 grams per day), in going from 22.5 to 41 grams, out- 
stripped by 1.5 and 5 grams two males that had originally outweighed him by 
12.5 and 8.5 grams, respectively. During August, some 30 males from both 
fields remained about constant in weight, although 4 from the Airport field lost 
about 20 per cent. A general, slight upward trend in September may have been 
augmented by the replacement of live-trapping procedures with snap-traps 

Forty-four fecund and 50 non-fecund males were snap-trapped at the Airport 
field in late September. The weight range dividing fecund from immature was 


27 to 31 grams. Four of six mice in this category were judged to be fecund. None 
of five mice in this weight range at the Fisher field were fecund. Of 29 males 
snap-trapped in the Airport field in October, 1954, three were judged to have 
been fecund earlier in the season. All three had severely regressed seminal vesicles. 
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From the evidence at hand it appears that males born after mid-June of 1953 
and 1954 did not become fecund the same season. 

Fall weights of males —Seven marked males were recovered on November 27, 
1953, at the Airport field. The smallest had increased, from 19 grams on August 
13, to 20 grams. The largest had gone from 37 to 27 grams, and one from 29 
to 22. The remaining four had lost somewhat less; amounts that could have 
been due to exposure in the traps, although they were well baited. Two of these 
mice were brought into the laboratory, where their weights increased from 20 
to 23 and from 27 to 33 grams in two weeks. These individuals were examined 
by Dr. B. V. Travis of the Department of Entomology, Cornell University and 
found to be free of any gross infections of parasites. A new blood parasite was 
discovered in the smaller specimen and a subsequent study of this parasite will 
be reported elsewhere. Winter loss of weight in the wild has been reported for 
M. agrestis by Chitty (1952). 

Weights of old males.—In 1954, six males marked in 1953 were recovered. Four 
had weighed between 20 and 27 grams in late August and were probably non- 
fecund then. In late June and late July, 1954, they weighed between 35 and 38 
grams. One weighing 29 grams on August 12, 1953, (possibly fecund) weighed 
39 grams when recaptured on June 19, 1954, and increased to only 40 grams in 
captivity. The weight of the sixth was estimated to be 20 grams on July 13, 
1953. He weighed 38 grams on June 20, 1954, 35 grams on the morning of August 
|, and 38 grams in the evening of the same day. It appears that none of the mice 
born after late June, 1953 surpassed 40 grams in weight in over a year of life 
in this field 

Females.—Except for fluctuations in weight due to pregnancy, there seems 
to be little difference in the physical development of the sexes. In contrast to 
the males, however, the onset of puberty in the females does not seem to be 
retarded by the summer season after a suitable weight is attained. Thus, at 
the Airport, of six juveniles weighing 12, 12, 13, 16, 18, and 20 grams in late 
June, 1954, all had conceived by either late July or August. Four juveniles 
weighing 8, 12, 13, and 19 grams in late July had all conceived by late August 
or September. In late August, one of two 19-gram females was in adult pelage. 
On September 18 it weighed 24.5 grams and was nursing four young. The second 
was in juvenile pelage, and, though the pelage had transformed by September 
18, she weighed but 20.5 grams and had not been bred. A 10.5 gram mouse 
marked on August 27 had increased to 19.5 grams and was still in the juvenile 
pelage on September 18. 

In September, 1954, 64 fecund and 19 non-fecund females were snap-trapped 
from this field. The range of weight dividing these two classes was 21 to 24 
grams, with 53 of this group being fecund. Only \% of this weight category was 
fecund in October. None of 12 females of this size taken in the Fisher field in 
September had been bred. Although the author has recorded a pregnant 18 
gram juvenile M. pennsylvanicus in the Ithaca region, there is no reason to 
suspect that this is a general occurrence. The evidence of this study indicates 
that females born after mid-June probably do not reach puberty before an age 
of 6 weeks 
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Only two females marked in 1953 were recovered in 1954. One was a 16- 
gram juvenile on July 10, and had increased to 27 grams by August 15. On 
June 23 of the following year she weighed 46 grams, but lost 9 grams 2 days 
later due to parturition. The second weighed 25 grams on August 21, 1953 and 
38 grams when snap-trapped on September 17, 1954. She had several old pla- 
cental scars but was not actively breeding. The weights of these females is com- 
parable to that of the year-old males. 

Most breeding females increased at the rate of about 0.5 grams per day 
enough to produce a litter of four or five—and returned to the original weight 
Some females producing their first litters may be exceptions to this generaliza- 
tion, but this is not readily determined in the field. The fastest growing in- 
dividual recorded in this study was first taken on the Fisher field on July 8. She 
then weighed 26 grams. Twenty-nine days later she weighed 56 grams, and was 
giving birth when weighed. A day later she weighed 37 grams, and she weighed 
39 grams 2 days after parturition. 

Average weights of breeding males.—Of considerable interest are the frequency 
distributions of the weights of breeding males between years on the same areas 
and between areas. Table 1 gives the statistics for a series of mice snap-trapped 
on the Airport field in early September, 1952, and for the individuals live-trap- 
ped during the succeeding seasons on the Airport and Fisher fields. Maximum 


weight attained during the season is used for the individuals, with a two-gram 


class interval. Twenty-seven grams was picked as an arbitrary lower limit of 


} 


fecundity. None of the distributions was badly skewed 

At the Airport, only two (3.4%) of the males exceeded 40 grams in 1953. hi 
1954, however, 30 (37 %) passed this size and three reached 50 grams. The mice 
on the Fisher field were the largest observed in three years of study, during 
which 700-800 adult males from a dozen areas in the Ithaca region were han- 
dled. Is it a coincidence that 4 of the 20 adult males from this field exceeded 
the maximum weight (56 grams) observed in a large composite sample from 
other areas? 

Hamilton (19376) states, “‘A number of males were taken in excess of 60 
grams, the largest weighing 71 grams.’’ Such monstrous mice are not restricted 
to lush orchard and leguminous hay habitats on calcareous soils in the Ithaca 
region. Werner (1954) took many mice of this size in wooded habitats of the 
Thousand Island Region, New York during the summers of 1953 and 1954. The 
reason for the occurrence of these large mice is a problem 

Unless an extremely poor sample has been drawn, the breeding males of the 


1953 season at the Airport field did not survive to the summer of 1954. The 
TaBLe 1.—Weights of breeding male Microt 


Mean and standard error 


Locality and year ‘evams Maximum weight Sample size 
Airport, 1952 32.4 + 1.7 40 9 
Airport, 1953 33.5 + 0.5 48 58 
Airport, 1954 38.5 + 0.6 52 81 


Fisher, 1954 45.8 + 2.2 62 20 
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non-breeders of 1953 weighed but 35 to 40 grams in 1954. The conclusion that 
must be reached is that the males exceeding 40 grams in weight in late June, 
1954, were born on that area during the spring of the same year. Differences in 
weights between years may thus be due to the relative success of early spring 
breeding. 

Of 11 populations (including two about one mile from the Airport field) 
sampled in the spring seasons of 1953 and 1954, none gave any indication of 
late winter breeding, and few mice conceived before April 1. This is in accord 
with Hamilton’s (1937a) data for 1934 and 1935, but he has recorded mice 
breeding through the winter of 1935-6. There is considerable variation between 
localized populations of Microtus with regard to the time breeding commences, 
but it is most likely that few of the mice at the Airport were born before April 
1. Hamilton (1937b) indicates that a weight of over 40 grams may be reached 
in 60 days, and that “mature” weight is reached in 12 weeks. It is thus possible 
for the large mice trapped at the Airport in June, 1954, to be young of the year. 

If the above deduction is correct, we must search for the factors responsible 
for the great reduction in growth rate between spring and summer, and also the 
reasons why the mice ‘of the Fisher field are so much larger than those of the 
Airport and other fields in the study. The ecological factors considered here are 
soils, weather and vegetation 

Soils —Composite soil samples from each major vegetation type on the two 
fields were collected in early August, 1954. These were analysed by the Soil 
f the New York State College of Agriculture at Cornell Uni- 


Testing Service 


ersity under the direction of Dr. D. J. Lathwell. The findings are presented in 
lable 2. A tendency for calcium and phosphorus to accumulate in the depres- 
sions of the Airport field is apparent. Looking at the two areas as a whole, from 
Taste 2.—Fertility statu n different areas of two fields 
I ner r 
Area oH Organic 
I Mg I ad 
Air fiel« 
Well drained 5.00 l 2150 > 150 85 >6.0 
orly drained 5.90 2.5 100 >150 105 >6.0 
{) f 
Well drained 5.75 ] 2450 > 150 100 5.2 
Imvperfectlv drained 6.30 ] 49280 >150 70 1.8 
Poor drained 6.10 2.5 6250 >150 SO >6.0 
Old-field 
Imperfectly drained 5.85 <1 3180 > 150 75 4.9 
Poorly drained 6.70 l 5050 >150 50 >6.0 
Fisher field 
Poverty grass 6.55 ] 3320 > 150 215 4.6 
Trefoil and orchard grass 6.50 l 3320 >150 125 4.7 
Sedge swale §.20 <1 2 4.4 


650 >150 130 
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the standpoint of agricultural production (disregarding drainage) Dr. Lathwell 
indicated that the pH and potash level in the Airport area were a little lower 
than desirable, while these characteristics were satisfactory at the Fisher field. 
No marked differences between the fertility status of the two fields is apparent. 

W eather.—Climatological data of the U. 8. Weather Bureau from the Cornell 
University station for the growing seasons of this study as well as for 1936— 
the year for which Hamilton (1941) gives individual growth records—are pre- 
sented in Table 3. There are many deviations from the normal, to be sure, but 
none of these seems to be either unduly severe or favorable. 

The 1953 season began with a dry June and the soil was not recharged until 
late winter. In 1954, ditches and shallow depressions held standing water in 
June. A deficit of rain in July and early August caused the shallow soil of the 
Fisher field to become powder-dry. It was impossible to collect soil samples 
with an auger here, and severe defoliation of the trefoil had occurred by early 
August. These conditions had no apparent effects on movements or reproduc- 
tion of the mice. The Airport field was less affected by the short drought, and 
early fall rains left standing water in the low areas. 

Part of the reason for the larger average size of the Fisher mice is the fact 
that they all increased in weight during July, while the Airport adults changed 
but little. A reasonable explanation for this is not apparent from weather ef- 
fects. 

Vegetation.—Probably no grazier would hesitate to select the one acre of 
lush trefoil and orchard grass over any two acres in the Airport area in late 
June. It is likely that this field also provides a superior forage for mice. How- 
ever, so little is known about the food requirements of Microtus that no assump- 


TaB_LE 3.—Climatological data for Ithaca, New York 


Total monthly precipitation 


1936 1952 1953 1954 Normal! mean 
March 6.92 1.93 3.47 2.34 2.73 
April 2.74 2.48 3.18 3.41 3.03 
May 3.05 4.65 3.40 3.27 3.52 
June 1.54 1.38 2.53 4.30 3.43 
July 2.11 5.61 3.88 1.55 3.84 
August 2.71 2.69 2.68 4.83 3.71 
Sept 1.66 2.50 1.83 1.91 3.31 

“Average monthly temperatures 

1936 1952 1953 1954 | Normal mean 
March 38.4 32.1 35.5 33.3 32.5 
April 42.7 48.3 43.9 47.0 44.4 
May 59.8 §2.5 57.7 54.5 56.3 
June 66.1 66.1 65.6 66.6 65.6 
July 71.4 73.2 70.0 68.4 70.2 
August 71.2 67.8 66.9 66.5 68.5 
2 2.3 7 60.7 


Sept. 63. 


62.0 60. 
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tions based on a single sample are warranted. Research in the nutrition of labo- 
ratory and domestic animals is going on at a rapid pace and is producing many 
facts of potential value to students of wildlife. Application of these findings 
must be based on a detailed life history of the wild animals as well as normal 
physiological changes in plants due to season. Differences in plant parts and 
species fed on by field mice are obvious, yet the only attempt at a quantitative 
study of this important aspect has been done by Jameson (1947). He indicated 
that M. ochrogaster cuttings were composed of alfalfa to a greater extent than 
the relative abundance of this legume in the area studied. 

Whether or not differences in plant species composition or in soil fertility 
between areas can influence the size of mice appreciably is questionable. Some 
acid, hill soils of the Arnot Forest area (17 miles southwest of Ithaca) are domi- 
nated by dense poverty grass, lichens, mosses, various weeds, and very sparse 
stands of timothy. A rich alluvial soil of the Inlet Valley (two miles west of 
Ithaca) supported a lush growth of blue grass (Poa pratensis), orchard grass, 
rushes (Juncus effusus), sedges and weeds. The differences in maximum sizes 
of snap-trapped mice between seasons and years within each area (1952 to 1954) 
were as great as the differences between areas at any given time; the largest 
male taken at the Arnot (56 grams) actually exceeded by three grams the largest 
from the Valley, in five semi-annual trapping periods. The Valley, however, 
supported a much denser population of mice, with less apparent effects on the 
vegetation. 

DISCUSSION 

Perhaps some of these data are suggestive of Chitty’s (1952) hypothesis con- 
cerning mortality among M. agrestis following a “peak’’ year. If such relation- 
ships exist, they are obscure. The population at the Airport field has exhibited 
a relatively stable pattern during the short study period. No great differences 
in the size of the September populations are present, and the only conspicu- 
ous difference in the population structures is the high numbers of “large” 
breeders during the 1954 season. If it is possible to use these data to predict 
what the 1955 population would have been, the author is unaware of it. 

The meagerness of the data presented here prevent any conclusions other 
than the obvious statement that variation in growth rate in M. pennsylvanicus 
between individuals, seasons, and areas exists. The extent of genetic fixation of 
this character is unknown and the influence of environmental factors is not 
obvious. 

With a species that is known to vary greatly in population density, popula- 
tion structure, and reproductive rate on the same area in different seasons and 
between areas simultaneously, it cannot be expected that a single replicate will 
furnish sufficient proof to warrant a generalization concerning population dy- 
namics; especially since no other worker has indicated the existence of any 
variation since the basic study of Hamilton was reported. It should be em- 
phasized that the evidence here indicating markedly differential spring and 
summer growth is indirect and presumptive. 
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Additional studies on the factors causing variation in growth rate of Microtus 
are necessary. Differential growth rate can alter the reproductive potential of a 
population considerably, and relatively small effects on longevity may have 
important consequences to a population that approaches a 100 per cent annual 
turnover. The problem in the field is complex enough to provide opportunities 
for contributions from many students. 


SUMMARY 


Growth rate in Microtus pennsylvanicus was studied during the summer and 
fall of 1953 and summer of 1954 on a 12-acre area near Ithaca, New York. A 
one-acre field was also studied in 1954. Growth rates of juveniles varied from 
0.2 to 0.5 grams per day during three to four week periods. Males born after 
mid-June did not reach puberty the same season. Females born after mid-June 
did not reach puberty before an age of 6 weeks. Loss of weight and failure to 
grow between August and late November, 1953, was recorded for males. Adult 
males did not survive from one summer to the next. Year-old males weighed 
between 35 and 40 grams. The occurrence of many males heavier than 40 grams 
in 1954 may have been due to successful early spring breeding and to a growth 
rate approximating that recorded by Hamilton. Differential growth and size 
individuals is not readily attributed to soils, weather or forage composition. 
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THE RELATION OF OXYGEN CONSUMPTION TO 
TEMPERATURE IN DESERT RODENTS 


By Wiiu1Am R. Dawson 


No information is available on 


he effects of temperature upon the oxygen 


onsumption of any desert rodent, although the Schmidt-Nielsens (1950a) have 


made measurements on several species at 25° C. in the course of their extensive 
investigations of water metabolism (1952). Accordingly, this study dealing 
with the Merriam and Panamint kangaroo rats (Dipodomys merriami and D. 
panamintinus) and with the antelope ground squirrel (Citellus leucurus) was 
undertaken. It attempts to define the zones of metabolic thermal neutrality for 
these desert animals, to analyse their metabolic responses to ambient tempera- 
tures above and below thermal neutrality, and to compare the temperature 
regulation of the nocturnal kangaroo rats, which do not meet the most intense 
desert heat, with that of the diurnal ground squirrel, which periodically encoun- 
ters high air temperatures and intense solar radiation 

This investigation was carried out during tenure of a U.S. Public Health Serv- 
ice Research Fellowship in the Department of Zoology, University of Califor- 
nia, Los Angeles. I am grateful for the numerous courtesies extended by Dr. 
George A. Bartholomew in placing the facilities of his laboratory at my dis- 
posal. 

Materials and Methods.—Twenty-five Merriam kangaroo rats, 15 Panamint 
kangaroo rats, and 12 antelope ground squirrels were used in this study. All 
were captured during June and July, 1953, at Lovejoy Buttes, Los Angeles 
County, California, a site located near the western edge of the Mojave Desert. 
They were housed in glass terraria during their stay in the laboratory. Each 
terrarium had a sand-covered floor and was provided with a 16 oz. bottle made 
of brown glass, which afforded the animals a place of retreat. Cotton was avail- 
able for nesting material. The antelope ground squirrels and Panamint kangaroo 
rats were housed individually. The more sociable Merriam kangaroo rats were 
placed several to a terrarium. 

Food consisting of sunflower seeds, millet seeds, lettuce, and water were avail- 
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able to the animals at all times, except when they were being studied. All three 
kinds of rodents were observed to drink occasionally. The animals maintained 
their weight and appeared in good condition throughout their stay in the lab- 
oratory. 

Oxygen consumption was determined by means of a Beckman paramagnetic 
oxygen analyser equipped with a multiple sampling unit which permitted simul- 
taneous study of as many as 5 animals. This assemblage was used in conjunc- 
tion with a Brown recording potentiometer, so that it was possible to obtain 
essentially continuous records of oxygen consumption for each animal. 

Kangaroo rats were housed individually during the experiments in glass 
cylinders 214 in. in diameter and 15 in. in length. Each cylinder was equipped 
with a thermometer and with a wire-mesh platform on which the animal rested, 
and was sealed on either end with a rubber stopper fitted with a piece of glass 
tubing through which air could pass. Ground squirrels, on the other hand, were 
housed individually during the experiments in chambers consisting of one-gallon 
paint cans, the air-tight lids of which were fitted with ports for air and for a ther- 
mometer. While in these chambers, the squirrels rested upon wire-mesh plat- 
forms. 

During the experiments, all the animal containers in use were connected to 
the multiple sampling unit of the oxygen analyser by separate air lines. Air 
that had been dried by passing through anhydrous CaCl, was metered through 
them at the rate of 600 cc. per minute. During the experiments fluctuation of 
temperatures to which the animals were exposed was prevented by keeping their 
containers in a large (24 cu. ft.) constant-temperature cabinet. With this ar- 
rangement, it was possible to control the ambient temperature within 0.2° C 
of the desired level. Daylight fluorescent lights illuminated the constant-tem- 
perature cabinet, and this served to minimize activity by the nocturnal kangaroo 
rais in the glass cylinders. No illumination reached the diurnal ground squirrels 
in the gallon cans and the darkness served to keep their activity at a low level. 

When animals selected for study on a particular day were removed from their 
terraria, their mouths and cheek pouches were emptied of any food they might 
contain to insure use of fasting individuals. Metabolic experiments were generally 
conducted over a period of 12 hours, and the lowest rate of oxygen consumption 
maintained for 40 minutes or more during the last four hours was taken as the 
standard rate for the particular ambient temperature to which the animals were 
being exposed. Data from experiments in which activity was detected were dis- 
carded. 

Metabolic measurements were conducted at ambient temperatures ranging 
from 9° to 38° C. The oxygen and carbon dioxide levels in the animal containers 


remained above 19.5 and below 1.5 per cent, respectively, in every experiment 
All gas volumes presented have been corrected to standard conditions of tempera- 
ture and pressure (0° C. and 760 mm. Hg). Metabolic rates are expressed as cc. of 
oxygen consumed per gm. per hr. Data for kangaroo rats that became chilled at 
cool ambient temperatures (see below) are not included in Figure 1. 

All body temperatures reported were measured rectally with a quick-register- 
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cc./gm./hr.). No data are included for individuals of Dipodomys in which hypothermia 
was induced (See Table 1). Note the somewhat greater scatter of points for Citellus leucurus 
in comparison with the graphs for the kangaroo rats 


ing mercury thermometer designed for small animal work. Determinations were 
made principally at the end of the 12-hour metabolic experiments or of 344- 
hour experiments expressly designed to induce heat stress in the animals by ex- 
posing them to an ambient temperature of 39° C. In the shorter experiments all 
three kinds of rodents were housed in small, wire-mesh cages instead of in the 
containers used for the metabolic experiments. Observations of body tempera- 
ture in the absence of temperature stress were made upon individuals taken di- 
rectly from the terraria described previously. 
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RESULTS 


Dipodomys merriami.—The 25 Merriam kangaroo rats used in this investiga- 
tion averaged 34.7 gms. in weight. Their zone of thermal neutrality lies some- 
where between 31° and 34° C. (Fig. 1). In this range there is considerable scatter 
of points. Averaging them gives a value of 1.2 ec. O./gm./hr. for basal metabolic 
rate. Below thermal neutrality, metabolism appears to increase linearly with 
decreasing ambient temperature at the rate of 0.176 ec. O./gm./hr./° C. The 
equation for the least squares regression line fitted to the points below 31° C. is 
ec. O./gm./hr. = 3.57 + (—0.176)(t — 20.14), where ¢ is ambient temperature 
in degrees C. There is general agreement between the measurements reported by 
the Schmidt-Nielsens (1950a) at 25° C. for this species (mean rate 2.24 ce. 
O./gm./hr.; range 3.33-1.68) and the value for this temperature obtained from 
the regression line shown in Figure 1 (2.70 cc. O./gm./hr.). A small rise in 
oxygen consumption occurs with temperatures above thermal neutrality. At 
ambient temperatures above 34° C., the animals would frequently lie with their 
limbs extended, and appear lethargic. 

The mean body temperature for the Merriam kangaroo rat at room tempera- 
ture (23° C.) was 37.2° C. (range 35.6-38.1) based on nine determinations made 
during the daytime. Body temperature in this species is labile, and marked 
hypothermia was induced in several adult individuals representing both sexes, 
during 12-hour exposures to cool ambient temperatures (Table 1). All recovered 
their normal levels of body temperature after about two hours at room tempera 
ture, and they appeared to suffer no ill effects from being cooled. At body tem- 
peratures below 30° C. coordination was affected, and the animal with a body 
temperature of 22° C. was quite torpid. The metabolic rate of this individual 
was 1.39 cc. O2/gm./hr. 

The Merriam kangaroo rat shows little capacity for preventing hyperthermia 
at ambient temperatures above 34° C., as pointed out by the Schmidt-Nielsens 
(1952). Indeed, body temperature tends to vary directly with ambient tempera- 
ture (Fig. 2) from the zone of thermal neutrality upward. This rodent has a good 
tolerance of elevated body temperatures, for individuals heated to 40° C. suf- 
fered no ill effects. Of the six animals exposed for 344 hours or more to ambient 


TABLE 1.—Hypothermia in kangaroo rats* 
— Weight Ambient temperature Body temperature 
. Gm ( ( 
D. merriam 32.5 16.2 22.0 
D. merriar 34.7 16.0 31.8 
D. merrian 31.3 9.0 27.7 
D. merriar 34.9 10.5 30.0 
D. panamintinu 51.8 16.3 20.1 
D. panamintinu 55.8 15.8 25.9 
D panamintinus 46.6 14.5 17.8 


Measured at the end of 12 hours’ exposure 
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temperatures of 38° or 39° C., only one became fatally overheated. All the others 
succeeded in holding their body temperatures at 40° C. or below. 

Dipodomys panamintinus.—The Panamint kangaroo rat is intermediate in 
size between the other two rodents studied, the 15 individuals used in this in- 
vestigation averaging 56.9 gms. in weight. All were in adult pelage, but some of 
the smaller ones (45-55 gms.) were probably young of the year. 

The zone of thermal neutrality for this species lies between 33° and 34° C 
(Fig. 1). Extrapolation of the least squares regression line into this temperature 
interval indicates a value of 1.2 ec. O./gm./hr. for basal metabolism. Below 33° 
C. metabolism seems to increase linearly with decreasing ambient temperature 
at the rate of 0.158 cc. O2./gm./hr./° C. The equation for the least squares re- 
gression line fitted to the points below 32° C. is cc. O./gm./hr. 3.17 + 

0.158) (¢ 21.50), where ¢ is ambient temperature in degrees C. A slight rise 
in metabolic rate is indicated above thermal neutrality. In experiments above 
34° C., these rodents often would lie with their limbs extended and appear quite 
lethargic. 

The mean body temperature at room temperature (23° C.) for this species was 
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36.9° C. (range 36.2-37.3) based on 7 measurements made during the day. Three 
animals exhibited hypothermia in the course of 12-hour exposures to approxi- 
mately 15.5° C. (Table 1). All recovered after a couple of hours at room tempera- 
ture. In other experiments, these same individuals were successful in regulating 
their body temperatures at ambient temperatures as low as 9° C. 

The direct relation between body temperature and ambient temperature above 
32° C. in the Panamint kangaroo rat is indicated in Figure 2. Animals of this 
species tolerated ambient temperatures as high as 35° C. for 12 hours. However, 
the only individual used in a metabolism experiment at 38° C. became over- 
heated and died after four hours’ exposure. Two out of three individuals sub- 
jected to an ambient temperature of 39° C. in an experiment scheduled for 344 
hours died at body temperatures of 45.2° and 44.3° C., respectively, after three 
hours’ exposure. The surviving animal had a body temperature of 42.0° C. at 
the end of the experiment. 

Citellus leucurus.—The 12 antelope ground squirrels were the largest animals 
used in this study, averaging 79.2 gms. in weight. Some of them were young of 
the year. All of them were highly excitable animals that did not seem to adapt so 
well to the experimental conditions to which they were exposed as did the more 
tractable kangaroo rats. This undoubtedly contributed to the considerable scat- 
ter evident when the data are plotted against temperature (Fig. 1). Thermal 
neutrality in this species extends from about 31° to 34° C., and the basal metabolic 
rate is 1.3 cc. O./gm./hr. Below 31° C. metabolism appears to increase in a linear 
manner with decreasing ambient temperature at the rate of 0.202 cc. O./gm./hr./° 
C. The equation for the least squares regression line fitted to the points below 
thermal neutrality is cc. O./gm./hr. = 3.49 + (—0.202)(¢ — 20.84), where ¢ 
is temperature in degrees C. With ambient temperatures above 34° C., metabolic 
rate increases slightly in the antelope ground squirrel. 

The mean body temperature for this species at room temperature (23° C.) is 
37.2° C. (range 35.6-38.1), based on nine measurements made during the day- 
time. All ground squirrels exposed for 12 hours to cool ambient temperatures 
(9°-16° C.) held their body temperatures at or very near the level maintained at 
23° C., judging by their alertness and coordination at the end of the metabolism 
experiments. 

Animals exposed to ambient temperatures at or above thermal neutrality for 
several hours exhibited elevated body temperatures comparable to those noted 
in Merriam kangaroo rats under the same conditions (Fig. 2). Their tolerance of 
hyperthermia was good; body temperatures up to 42.4° C. induced no apparent 
ill effect. This is equivalent to the tolerance noted by Johnson (1928) in the 
thirteen-lined ground squirrel (C. tridecemlineatus). One antelope ground squirrel 
that became heated to 43.1° C. when exposed for 3)4 hours to an ambient tem- 
perature of 39° C. died shortly after it was removed to a cooler environment. It 
had salivated profusely during the terminal stage of its exposure, apparently as 
a means of emergency heat regulation of the type described for heated kangaroo 
rats by the Schmidt-Nielsens (1952), and for the mouse, rat, and guinea pig by 
Herrington (1940). 
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The ease with which hyperthermia can be induced in the antelope ground 
squirrel suggests that this animal does not possess the capacity to remain active 
for long periods of time in the sun during the middle of summer days. This is 
further borne out by the fact that a captive individual that was exposed to direct 
solar radiation on a clear July day died of overheating within an hour and a half. 
The intense heat (air temperature 38° C.; black bulb temperature over 50° C.) 
combined with its efforts to escape created a caloric load with which it could not 
cope. 


DISCUSSION 


It is well known that basal metabolism of placental mammals tends to vary 
with the 0.73 power of body weight at the interspecific level (Brody, 1945). 
Furthermore it has been shown by Morrison (1948) that this relation pertains in 
rodents. Thus, it is of interest to compare observed basal values for the desert 
rodents with the values predicted for animals of their-weights. These theoretical 
values have been computed with the equation: basal metabolism (cc. O2/gm./hr.) 
= kW’, where k is a constant and W is body weight in grams. (This is the 
weight-specific counterpart of the equation given by Brody for the familiar 
“mouse to elephant curve’’). The observed basal value for the Merriam kangaroo 
rat (1.2 ec. O./gm./hr.) diverges from the predicted value (1.6 ec. O2./gm./hr.) 
by 25 per cent. Better agreement is evident in the values for the Panamint 
kangaroo rat (1.2 cc. O2/gm./hr. observed vs. 1.3 predicted) and for the antelope 
ground squirrel (1.3 cc. O2/gm./hr. observed vs. 1.2 predicted). 

The conformance of the antelope ground squirrel to the “mouse to elephant 
curve,”’ despite a probable capacity for hibernation, is in agreement with the 
findings of Scholander et al. (1950a) on the arctic ground squirrel (C. parryi), a 
species known to hibernate. In contrast, the marmot (Marmota monaz), another 
hibernating rodent, is known in the non-hibernating state to have an unusually 
low basal metabolic rate for an animal of its size (Benedict, 1938). 

The metabolic responses to temperature of all three desert rodents compare 
closely with those observed in the laboratory mouse, rat, and guinea pig (Her- 
rington, 1940). All have narrow zones of thermal neutrality. The limits of the 
zones in the desert rodents are a few degrees higher than in the laboratory rat. 
However, they agree closely with those for the mouse and guinea pig. 

Considerable difference exists between the antelope ground squirrel and the 
much larger (ca. 600 gms.) arctic ground squirrel (C. parryi) in width of the zone 
of thermal neutrality (Scholander, et al., 1950b). The zone of the desert form is 
only about 3° C. wide, whereas that of the arctic form is approximately 25° C. 
wide, with the lower limit at about 7° C. An associated difference in heat tolerance 
is apparent, for Sullivan and Mullen (1954) found that a condition resembling 
heat prostration was induced in arctic ground squirrels exposed to ambient tem- 
peratures between 25° and 30° C. Antelope ground squirrels easily tolerate such 
temperatures. 

Below thermal neutrality, the oxygen consumption of both kangaroo rats in- 
creases with decreasing ambient temperature at rates comparable to those re- 
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ported by Morrison and Ryser (1951la) for Wisconsin rodents of similar size 
(Table 2). This seems noteworthy, for both these desert rodents were probably 
adapted to the summer temperature conditions prevailing in their particular 
environments since they were captured during the latter parts of June and July. 
Although these conditions are not the most extreme the desert has to offer, they 
are undoubtedly warmer than those to which the Wisconsin rodents were ac- 
climated. 

The elevated rates of metabolism of fasting kangaroo rats at cool tempera- 
tures generally could be maintained over 12 hours and were sufficient to hold 
body temperature near the level usually maintained in the absence of temperature 
stress. In some instances, however, these rates were not maintained and hypo- 
thermia ensued (Table 1). This probably resulted from an inability of these ani- 
mals in a post-absorptive state to mobilize their fat reserves rapidly enough to 
permit adequate heat production. Howard (1951) has shown that small rodents, 
including kangaroo rats, are successful in regulating temperature in the cold 
during winter only if food is continuously available. It is of interest that chilling 
occurred only in the smaller (56 gms. or less) Panamint kangaroo rats, whereas 
no such correlation with weight is apparent in the Merriam kangaroo rats. Nor- 
mally, maintenance of homeothermy by animals of these species at low ambient 
temperatures is undoubtedly facilitated by the shelter afforded by their bur- 
rows, where it is warmer than above ground—Vorhies (1945) observed that the 
burrows of banner-tailed kangaroo rats (D. spectabilis) remained at least 8° C. 
warmer than the air at ground level, throughout winter nights in Arizona. 

The variation among the Merriam and Panamint kangaroo rats in temperature 
regulation in cool environments is reminiscent of that observed in the deer mouse 
(Peromyscus leucopus) by Morrison and Ryser (1951b). Some of their animals 
became cooled as much as 15° C. when exposed for an hour to 0° C., whereas 
others maintained a normal level of body temperature under the same condi- 
tions. The tolerance of the deer mouse to low body temperatures seems com- 
parable to that observed in the kangaroo rats. In contrast, the observations of 
Kendeigh (1945) suggest that another species of Peromyscus, the white-footed 
mouse (P. maniculatus), is somewhat less tolerant of hypothermia than these 
desert rodents. 

Below thermal neutrality the increase of oxygen consumption with decreasing 
ambient temperature is more rapid in the antelope ground squirrel than in either 
the kangaroo rats or Morrison and Ryser’s larger Wisconsin rodents (Table 2) 
This could be because the coarse summer pelage of the squirrel affords it less 
insulation than the finer pelage of these other animals. Morrison and Ryser 
(1951a) found the metabolic response of another, larger ground squirrel (C. 
[tridecemlineatus?}) below thermal neutrality to be closely comparable to that 
of the white rat, an animal of similar size. 


It seems likely that the Merriam kangaroo rat actually encounters heat stress 
in nature, judging by microclimatological observations of its shallow burrows 
(Schmidt-Nielsen and Schmidt-Nielsen, 1950b), which indicate that temperatures 
in them regularly approach the upper limit of its heat tolerance, during summer. 
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TABLE 2.—Metabolic responses of various rodents to ambient temperatures below 


thermal neutrality 


Body weight Increase in metabolism per degree C 
Rodent Gm lowering of ambient temperature 
. Cc. O2/gm./hr 
Zapus* 25 0.202 
D. merriamit 5 0.176 
Eutamias* 47 0.166 
Microtus* 51 0.139 
D. panamintinust 58 0.158 
Glaucomys* 75 0.090 
C. leucurust 79 0.202 
* Morrison and Ryser (195la 
This stud 


Under such conditions, this rodent undoubtedly cannot prevent body tempera- 
ture from rising, as shown by the observations of the Schmidt-Nielsens (1952) 
and myself (Fig. 2). Consequently, tolerance of elevated body temperatures is an 
important physiological attribute of this species, despite its evasion of the most 
intense desert heat as a result of burrowing 

The Merriam kangaroo rat’s ability to occupy its characteristically shallow 
burrows may involve greater heat resistance than is possessed by other kinds of 
kangaroo rats. Observations reported here on body temperature and survival 
at 38° and 39° C., while not conclusive, are certainly suggestive that it surpasses 
the Panamint kangaroo rat in ability to cope with heat stress. Furthermore, ob- 
servations of kangaroo rats caged above ground during daylight hours in the 
Nevada desert (R. G. Lindberg, pers. comm.) indicate that D. merriami is more 
heat resistant than D. deserti, D. microps, or D. ordi. Additional comparisons of 
the heat resistance of kangaroo rats should be undertaken to analyse this situa- 
tion more fully 

It is of considerable interest that the diurnal antelope ground squirrel has about 
the same capacity for temperature regulation at warm ambient temperatures as 
the smaller and nocturnal Merriam kangaroo rat (Fig. 2). The prevention of 
overheating by this squirrel during the middle of hot summer days appears de- 
pendent upon its remaining relatively inactive in the shelter of bushes, rocks, or 
its burrow. Significantly, Johnson et al. (1948) observed antelope ground squir- 
rels in the Providence Mountains area of California to be active between dawn 
and 10:00 am and relatively inactive for the rest of the day in summer, whereas 
they were most active during the middle of the day in winter. It seems likely that 
this animal’s demonstrated tolerance of elevated body temperatures is of critical 
importance in permitting it to remain above ground at all during the hottest 
part of summer days 

It is significant from the standpoint of comparative physiology that desert 
animals of the kinds studied here actually possess very limited powers of tem- 
perature regulation, despite their living in an environment characterized by wide 
extremes of temperature. In every case, these animals make the most of the 
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capacities they do possess by suitable behavior patterns which tend to reduce 
temperature stress. As the Schmidt-Nielsens (1952) have suggested, such be- 
havioral patterns and a lack of dependence on evaporative cooling for heat 
regulation are factors of critical importance in permitting small rodents to con- 
tend successfully with the other great challenge of desert existence, aridity. 


SUMMARY 


The effects of ambient temperatures from 9° to 38° C. on the oxygen consump- 
tion of the Merriam kangaroo rat (Dipodomys merriami), the Panamint kangaroo 
rat (D. panamintinus), and the antelope ground squirrel (Citellus leucurus) are 
analysed. The zones of thermal neutrality for all three species are 3° C. or less in 
width, and oxygen consumption increases markedly with decreasing ambient 
temperature below 31° C. None of these desert rodents has an extensive capacity 
for temperature regulation in warm environments, and body temperature varies 
directly with ambient temperature above 32° C. Good tolerance of elevated body 
temperature was observed in all three species. In both species of kangaroo rats, 
some individuals were unable to maintain body temperature at normal levels 
when exposed without food for 12 hours to cool (9°-16° C.) ambient tempera- 
tures. The importance of behavior in the temperature regulation of both the 
diurnal squirrel and the nocturnal kangaroo rats under natural conditions is dis- 
cussed. 
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VITAMIN EXCRETION BY DEER 
By A. E. Treri, E. Pomerantz, N. F. Cotovos, anp H. A. KEENER 


[t is well established that diet influences the intestinal flora of certain species 
of animals and that certain vitamins of the B complex are synthesized by micro- 
organisms in the digestive tract (Gall, Illingworth, Cowgill and Fenton, 1948; 
Gall, Fenton and Cowgill, 1948). This synthetic activity is of particular im- 
portance to ruminants, and those that have been studied include cows (John- 
son, et al., 1947; Pounden and Hibbs, 1948a, b; Hibbs, and Pounden, 1948; Teeri, 
et al., 1951a, b, 1953) and sheep (Pearson, et al., 1953). Another ruminant for 
which such synthetic activity might be especially important because of its 
sometimes rather limited diet, and one for which nothing in this connection has 
been reported previously, is the deer (Odocotleus). Such information is presented 
in this report in the form of fecal and urinary excretion values for nicotinic acid, 
riboflavin, thiamine and vitamin Bp. 

Three male deer (Odocoileus virginianus) provided by the New Hampshire 
Fish and Game Department were used in this study. All were between ten and 
twelve months of age, and weighed as follows: No. 1, 65 lbs.; No. 2, 94 lbs.; and 
No. 3, 82 lbs. The animals were maintained in metabolism stalls, thus making 
possible the regular collection of 24-hr. urine and feces samples. Daily aliquots 
were preserved, by freezing for the feces and by refrigeration at a temperature 
just above freezing for the urine, and at the end of the collection period the suc- 
cessive aliquots were pooled for analysis. The lengths of the collection periods 
were eight days for Nos. 1 and 3 and three days for No. 2. In all cases a pre- 
liminary feeding period of approximately two weeks served to adjust the deer 
to their ration, which consisted solely of balsam fir (Abies balsamea) and water. 

For comparative purposes a similar experiment was carried out with a group 
of four young dairy cows consisting of two Ayrshires, Nos. 1 and 4, and two 
Guernseys, Nos. 2 and 3. These animals were all between one and two years of 
age. Their ration consisted of hay and water, and the lengths of the collection 
periods were from 14 to 17 days. 

All vitamin analyses were made by microbiological procedures. Nicotinic acid, 
riboflavin and thiamine were determined as previously cited (Teeri, et al., 1950) 
by use of Lactobacillus arabinosus (A.T.C.C. no. 8014), Lactobacillus casei (no. 
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TABLE 1.—Vitamin content of the rations as fed (Micrograms per gram) 


Ratior Nicotinic acid Riboflavir Thiamine | Vitamin Bi: 
Hay (fed to dairy cows 24.0 4.5 1.75 0.0110 
Fir (fed to deer) 18.0 1.9 0.067 0.0004 


7469) and Lactobacillus fermenti (no. 9338), respectively. Vitamin By. devermina- 
tions were carried out according to the U.S.P. procedure involving use of Lacto- 
bacillus leichmannii (no. 7830). 


The vitamin contents of the rations, as fed, are presented in Table 1. 


RESULTS AND DISCUSSIONS 


lable 2 presents the average daily excretions of nicotinic acid, riboflavin, 
thiamine and vitamin B,,. by the deer when fed the fir ration. For purposes of 
comparison with another ruminant, Table 3 presents similar data obtained with 
voung dairy cows when fed a hay ration 


TABLE 2.—Vitamin excretions by deer on fir ration* 
Nicotinic acid mg./day 
Deer number Fece Urine Total 
| 7.2 11.1 18.3 
2 26.2 13.4 39.6 
9.3 3.8 13.1 
Averag 14 2 9.4 23 6 


Riboflavin (mg./day 


0.8 2.3 3.1 

2 2.9 2.2 5.1 
1.2 1.0 2.2 

Average 1.6 1.8 3.4 


Thiamine (mg./d: 


0.33 0.37 0.70 

2 0.62 0.43 1.05 
0.34 0.08 0.42 

Average 0.43 0.29 0.72 


Vitamin By: (micrograms/day 


] 16.4 1.6 18.0 

yA 6S l 3.4 71 vo 
15.3 0.6 15.9 

Average 33.3 1.9 35.2 


* Average daily vitamin intakes were: nicotinic acid, 22.2 mg.; riboflavin, 2.34 mg.; 
thiamine, 0.082 mg.; Vitamin B,:, 0.500 micrograms 
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TABLE 3.—Vitamin excretions by cows on hay ration* 


Nicotinic acid (mg./day 


Cow number Feces Urine Total 
1 25.7 10.5 36.2 
2 33.4 7.9 41.3 
> IR 7 12.0 10.7 
{ 27. 9.8 57.4 
Average IR 10.1 a2 9 
Ribofl mg./da 
l 7 10. 
2 S.2 2.4 10.6 
3 8.92 16 19 8 
" 1 2.9 0 
Average 7.4 3 10.7 
Thiamine (mg./da 
l 1.7 } 8.0 
2 6.7 5 10.2 
; 5.7 5 10.8 
{ §.9 j 11.2 
Average 6.0 t.] 10.1 
Vitamin B,;. (micrograms/day 
l 118 0.19 118.2 
2 100 0.37 100.4 
3 R92 0.80 R28 
! 167 0.39 167.4 
Average 116.8 0.44 117.2 
Average daily vitamin intakes were: Nicotinic acid, 120.0 mg.; riboflavin, 22.5 mg 
thiamine, 8.75 mg.; vitamin By, 55.0 micrograms 


The average excretion of nicotinic acid by the deer was approximately the same 
as the intake, indicating no great amount of rumen synthesis of this vitamin. 
That some does occur is seen from the fact that in the case of one of the deer, No. 
2, the excretion of nicotinic acid definitely exceeded the intake. From these re- 
sults it would seem that while rumen or intestinal synthesis of nicotinic acid does 
occur, it probably is not of very great importance in the nutrition of the deer 
both because of the widespread natural occurrence of this vitamin, and also be- 
cause of tissue synthesis (Johnson, et al., 1947). This conclusion is in agreement 
with previous findings with dairy cows (Teeri, et al., 1950, 1951a, b). 

The data with respect to riboflavin indicate a small amount of rumen synthesis 
of this vitamin in the deer but not the dairy cows. It has previously been shown 
that in some instances riboflavin is synthesized in the rumen of dairy cows (Teeri, 
et al., 1951b). It appears, therefore, that riboflavin synthesis is characteristic of 
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ruminants in general, but that it is of great importance only when the ration 
does not supply enough of the vitamin. 

Rumen synthesis of thiamine occurred in both deer and dairy cows. This 
synthesis was much more extensive in the case of the deer where the average ex- 
cretions exceeded intakes by from five to twelve times. It is evident that the 
synthetic activity of the rumen microorganisms is of particular importance when 
the thiamine content of the ration is low. 

Vitamin By, also was synthesized in the rumen of both the deer and the dairy 
cows. As with thiamine, By. synthesis was much more extensive in the deer, where 
the average excretions exceeded intakes by from 31 to 143 times. The extent 
of this synthesis is quite similar to that which has been reported for sheep (Pear- 
son, et al., 1953). Another similarity is the fact that by far the greatest portion of 
the excreted By. was found in the feces, indicating either poor absorption of this 
vitamin or that much of it was metabolized to other compounds. 

The extremely small amount of vitamin By in the balsam fir, which often is an 
important part of a deer’s ration, suggests the great importance, in the nutrition 
of the deer, of the rumen synthesis of this vitamin. This also indicates the in- 
dispensability of cobalt in the ration, since B,,. cannot be synthesized in its ab- 
sence. 


SUMMARY 


The synthesis of nicotinic acid, thiamine, riboflavin and vitamin By: in the 
rumen of the deer has been indicated by quantitative measurement of the urinary 
and fecal excretions of these vitamins when the deer were fed a ration consisting 
of balsam fir. While the synthesis of nicotinic acid and riboflavin was slight, that 
of thiamine, and particularly of vitamin B,2, was more extensive. 

Vitamin synthesis by rumen microorganisms is an activity common to all 
ruminants. This fact is of particular importance to deer, which often may be sub- 
jected to a rather limited type of diet. 

Acknowledgements.—Published with the approval of the Director of the New 
Hampshire Agricultural Experiment Station as Scientific Contribution No. 174. 
This investigation was supported in part by the New Hampshire Fish and Game 
Department through Federal Aid under the Pittman-Robertson Act, and was 
carried out in connection with a cooperative research project being conducted 
by the N.H. Agricultural Experiment Station, the N.H. Fish and Game Depart- 
ment and the N.H. Engineering Experiment Station. 
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4 NEW FOUR-TOED ANTEATER FROM MEXICO 
By Wiiui1am B. Davis 


In the course of a biological reconnaissance of the Mexican state of Guerrero 
now under way in cooperation with the Mexican Department of Game, several 
forms that appear to be new to science have been collected by our field parties. 
One of them is a four-toed anteater, Tamandua tetradactyla, which heretofore 
has not been recorded from western Mexico north of the Isthmus of Tehuantepec. 
Two of the specimens we have are females, as judged by the presence of pectoral 
mammae. These specimens were shot at night by a local hunter in a deep canyon 
supporting vegetation with tropical affinities east of the village of Acahuizotla, 
about 35 kilometers south of Chilpancingo, on the Pacific slope of the Sierra 
Madre del Sur. The third, a skin only, was taken a few years ago near Chapalapa 
and partially mounted by a local hunter. This part of Mexico is a region of high 
endemism as attested by the large number of kinds of birds, reptiles, amphibians, 
and mammals that are peculiar to the area. The occurrence, therefore, of a popu- 
lation of Tamandua in southern Guerrero that differs from the east-Mexican 
anteaters is not surprising. 

I am indebted to Mr. George G. Goodwin for the privilege of examining 
certain specimens of Tamandua t. mexicana from Veracruz, for records of other 
specimens in the American Museum of Natural History, and for making com- 
parisons and pertinent comments on the first specimen we acquired in 1953. Also 
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I wish to acknowledge the assistance of the following persons who provided 
locality records of four-toed anteaters in various American museums: Miss 
Frances L. Burnett, Museum of Comparative Zoology (M.C.Z.); Dr. Keith 
Kelson, formerly at the University of Kansas Museum of Natural History 
(U.K.M.N.H.); Miss Viola 8. Schantz, Biological Surveys Collection, U. 8. Fish 
and Wildlife Service (B.S.); Mr. Colin C. Sanborn, Chicago Museum of N» ‘ural 
History (C.M.N.H.); and Dr. George Lowery, Louisiana State University 
Museum of Zoology (L.8S.U.M.Z.). 


Tamandua tetradactyla hesperia, subsp. nov. 

Holotype Adult female, Texas Cooperative Wildlife Collection, No. 5322 
collected by Joaquin Villanueva near Acahuizotla, 2800 feet elevation, Guerrero, 
Mexico, in April, 1953. Paratypes: TCWC No. 5610, female, from Acahuizotla 
February 20, 1955; TCWC No. 5611, skin only, from Chapalapa. 

Diagnosis—A member of the species 7’. tetradactyla with relatively short, 
narrow rostrum (length from lacrimal foramen to tip of nasal, 52.4 and 56.6 mm 
pterygoid section of auditory bullae relatively large and encroaching on the 
foramen ovale; foramen magnum large (13.0 mm. x 13 mm.); frontals distinctly 
depressed; a distinct interpterygoid space 1 mm. wide extending forward to a 
plane through the foramina ovale; mandibular ramus short (about 100 mm. 

Measurements (in millimeters).—Type first, followed by paratype (No. 5610 
in parentheses: Total length, 1145 (1015); tail, 568 (485); ear 28 (28) (from 
tanned skins). Occipitonasal length, 118 (120.2); length of nasals, 38.5 (43.1 
breadth of braincase, 41.8 (40.3); width across rostrum at anterior edge of orbit, 
30 (34.4); width of constricted part of rostrum, 17 (20); least interorbital breadth, 
24 (25); length of rostrum from lacrimal foramen to tip of nasals, 52.4 (56.5); 
jugal, 16.5 x 5.5 (absent in paratype); length of mandibular ramus, 98 (102 
Weight of paratype No. 5610, 3 kilos. 

Comparisons.—Externally similar to 7’. t. mexicana from the eastern coast. of 
Mexico, but differs in actually and relatively shorter nasals (length 38.5—-43.1) as 
opposed to 51; foramen magnum noticeably larger (13 mm. in both vertical 
and horizontal diameters); frontal region distinctly depressed rather than not; 
interpterygoid space nearly twice as long; pterygoid section of auditory bullae 
more inflated, crowding the foramen ovale and forming the posterior margin of 
that opening, rather than separated from foramen ovale; mandibular ramus 
much shorter (98-102 as opposed to 113 or more). Differs from 7’. t. chiriquensis, 
based upon J. A. Allen’s description (Bul. Amer. Mus. Nat. Hist., 20 (33) 
395-396, 1904) as follows: rump and basal portion of tail whitish, not blackish; 
rostrum narrower (17-20, as opposed to 22.8); nasals much shorter (38.5-43 as 
opposed to 55). 

Remarks.—Among named forms of the four-toed anteater, the specimens from 
Guerrero appears to be most closely related to mexicana. It has the same colo! 
pattern, but differs in cranial details as recorded above 

Little information concerning the distribution of Tamandua tetradactyla in 
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Mexico is available in the literature. Consequently, the following records, based 
upon specimens in American museums, may be helpful in outlining the distribu- 
tion of this species in Mexico. No attempt has been made to assign specimens to 
subspecies because I have not been able to examine all the specimens. Chiapas: 
Hueheutan (B.S.). Campeche: Apazote (B.S.), La Tuxpena (B.S.). Quintana Roo: 
El Mexo (C.M.N.H.), Xcopen (M.C.Z.). Veracruz: 37 km. E. and 7 km. S. Jesus 
Carranza (U.K.M.N.H.), Mirador (B.S.), Achotal (C.M.N.H.), Pasa Nueva 
\.M.N.H.). Oaxaca: Huilotepec (B.S.), Reforma (C.M.N.H.), Santa Ifigeni: 
B.S.), Las Cuevas (A.M.N.H.), Juchitar A.M.N.H.), Tapana (M.C.Z 
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GENERAL NOTES 


OPOSSUM TAKING REFUGE UNDER WATER 








Kenneth Doutt reported recent Jour. Mamm., 35: 581-583, 1954) on his observation 
he swimming ability and behavior of the Virginia opossum, Didelphis marsupiali 
niana, in a tank ar vl ced I Bot! I ms that he placed in a tank 
ter dived beneath the surface at once and swan few feet under water before surfacing 
[he animals’ ease at swimming and readiness to d upparently in seeking escape, le 
M Doutt to speculate that it may do this naturally in the field scape its predators 
The following incident transcribed from my field notes of the behavior of a free, wild 
ypossum of this same form ma be taken to substantiate Mr. Doutt’s supposition 
At 9:00 pm, October 12, 1953, where the Ingraham Highvw Florida Route 27) crosses 
Pine Island a mile inside the eastern entrance to the Everglades National Park in soutl 
Florida, Willard E. Dilley, L. Neil Bell nd tl riter observed a small opossum cross 
the road in our hea ts. Stopping, we walked up to the creature on the road shoulder 
Upon our close approach, it turned toward the canal-like roadside ditch, which was full 
le its actual edge ind entered it confidently, starting to swim awa 
The d t three or four feet deep and five or six feet wide, its sides descending 
sheer vottom. Stepping forward qui: one of us reached for the opossum’s 
ta At this the animal plunged its head down and dived straight down, disappearing 


into the rank aquatic vegetation at once. We watched closely with our flashlights, and 
the opossum did not become visible until it had swum fifteen feet beneath the submerged 


vegetation. It swam five feet farther still before surfacing to breathe. It continued five 
or six feet farther on the surface and then stopped with its head half hidden under some 
vegetation on the near side of the ditch 

Mr. Dilley approached it softly and caught it by the nape. As he held it up, we noted 
lumps in the pouch area. The mouth of the pouch was drawn so nearly shut that it did 
not easily admit my finger which was inserted to draw the pouch open for inspection. There 
were four young in it, all about the size of adult cotton mice (Peromyscus gossypinus 
Unfortunately we did not observe whether the interior of the pouch was dry when we 
opened it. Hartman (possums, 1952) says that the mother opossum can close her pouch 
enough to prevent the entry of water when she swims. Upon being released, our 
opossum took to the water once more, swimming away from us on the surface, and as we 
departed, we saw it turn back to the near shore again.—JosepH Curtis Moors, Everglades 
National Park, Homestead, Florida. Received December 18, 1954 
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RARE SHREWS FROM UTAH AND WYOMING 


The collection of mammals in the Museum of Zoology, University of Utah, contains 
representatives of two rare species of shrews of the genus Sorex. These specimens were 
obtained from Utah and Wyoming during 1952-1954. Because of their rarity, and inasmuch 
us their localities of capture extend the known areas of occurrence, we considered it worth 
while to report upon them. This research was financed in part by a grant from the National 
Science Foundation 


Sorex me uv le ogenus Osgood Osgood (Proce Biol. Soe Washington 22:52. April 
le specimen, named this subspecies as Sorex leucogenys 


17, 1909), on the basis of a sing 
The type locality is ‘‘“Mouth of the canvon of Beaver River, about 3 miles east of Beaver 
Beaver County, Utah.’’ Despite intensive collecting, no additional specimens were reported 
years, when Benson (Univ. California Publs. Zool., 40: 439-455, December 31, 1935 


reported upon five specimens from War God Spring, Navajo Mountain, San Juan County 





ih. Since 1935, although even more intensive collecting of mammals has been effected 
10ut the state of Utah, no additional specimens have been reported. Two specimens 
males (skins, skulls and skeletons), numbers 10896 and 10897, were obtained on July 27 


und 28, 1954, at Gooseberry Ranger Station, Elk Ridge, 8,560 feet, San Juan County, Utah 


At the time Benson and Bond (Jour. Mamm., 20: 348-351, August 14, 1939), synonymized 
Sorez leucogenys and Sorex me ami, there were only ten known specimens of Sorex me 17 
leucogenys. The two specimens from southeastern Utah, here reported, increase the numbe! 


of known specimens to tw elve Moreover. these two sper imens extend the known range ol 
this subspecies approximately 85 miles northward and eastward in Utah 


Inasmuch as there is little recorded information concerning the habitat of these shrews 


we report the following observations. Both were taken in a relatively dry meadow 
runways of long-tailed meadow mice (Microtus longicaudus). These runways were well 
defined in the grasses and sedges, and radiated out in an interconnecting network from 
bushes of Potentilla fruiticosa ther plants in the habitat were Carer sp., Descamps 


4 
aesp 


osa, Festuca montana, Poa pratensis and Poa alpina. Other mammals taken in the 
same habitat were long-tailed meadow mice (Microtus longicaudus), deer mice (Peromys 
maniculatus), least chipmunks (Eutamias minimus) and vagrant shrews (Sorex vagrans 
Perhaps the rarity of Merriam shrews might be the result of extensive overgrazing of 
western range lands. This is somewhat indicated by the fact that our two specimens were 


from a protected non-grazed locality 





Sorex nanus Merriam.—One specimen (skin, skull and skeleton), an adult, lactating 
female, number 10,880, was taken July 27, 1954, at Gooseberry Ranger Station, Elk Ridgs 
8,560 feet, San Juan County, Utah. Insofar as we are aware, this is the first specimen of 
this species to be reported from the state of Utah. Measurements are: Total length, 89.0; 
length of tail, 37.0; length of hind foot, 10.0; length of ear, 5.0; condylobasal length, 14.5 
palatal length, 5.9; cranial breadth, 6.9; least interorbital breadth, 2.9; maxillary breadtl 
4.0; alveolar length of maxillary tooth-row, 5.3 mm 

This specimen was taken in a moderately damp and shaded forested area on the northeast 
facing hillside adjacent to the meadow where the two specimens of Sorez merriami leucogenys 
were obtained. The exact locality of capture was on a rocky ledge under a large, overhanging 
boulder. The adjacent trap contained a vagrant shrew (Sorez vagrans). The predominant 
plants in the habitat were Pop tlus tremuloide Quercus gambeli, Symphoricarpos vac 
cinioides, and Poa sp. Other mammals taken in this habitat were long-tailed meadow mice 

Microtus longicaudus), deer mice (Peromyscus maniculatus), least chipmunks (Eutamias 

minimus), and vagrant shrews (Sorex vagrans 

A second specimen (in alcohol, skull removed for study), number 10,898, was obtained by 
Doctor Norman R. French, at South Cascade Canyon, 10,050 feet, Grand Teton National 
Park, Wyoming, on July 8, 1952. This is the second record of this species from Wyoming and 
constitutes the northernmost record for animals of this species. The braincase is damaged, 
but the following measurements are available: Palatal length, 5.5; least interorbital breadth, 


2.75; maxillary breadth, 3.65; alveolar length of maxillary tooth-row, 5.2 mm. According 
























nd possil lv five known specimens of 
1 Ariz yna. With the ¢ n of the 
esta a larger range for this species 
the nount 1inous areas of ves n und 
southeastern Utah and northern Arizona 
e el tions apture of all specin s are he upprox ite 8 000 fe. nd 10.500 
ind ng that shrews of the pecies S na ire restricted to high montane 
ts.—S11 D. Durrant anv M. Rarmonp Lex, Department of Zoology, University 
I g Lake City. Re 1 January 7. 1955 
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Los Angels County gives but little e idence f its determinatior and state of pre 
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servation and location of specimen. What follows is offered as conclusive proof of the 
occurrence of this rare mammal in Los Angeles County. 

In 1948 the private collection of birds and mammals of Mr. Jack H. van Nordheim was 
donated to the Allan Hancock Foundation. This collection contains a specimen (no. 2369) 
of the gray shrew that was taken at La Crecenta, 1569 ft. el., Los Angeles County, in 1942. 
The skull is in good condition and the study skin is fair but the label lacks information 
on size and sex (it is thought to be a male as no mammae are visible). 

In 1950, three specimens of the gray shrew were received by the Allan Hancock Founda- 
tion from Paul O. Greeley, M.D., Director of Student Health Center (formerly an instructor 
in Biology), University of Southern California. One specimen was collected in April, one in 
May, and one in June. They came from Dr. Greeley’s ranch in Mint Canyon, 34 mi. S. W. of 
Oaks, 1800 ft. el., Los Angeles County. All three shrews were taken in the night by the 
house cat and deposited on the doorstep. The fresh specimens were promptly delivered to 
me by Dr. Greeley. The first shrew (no. 2765, 9 ) was preserved whole in alcohol, the other 
two (nos. 2766 and 2767, both c’o") were made into skins with skulls and incomplete skele- 
tons. All four of our specimens appear to be subadult because of the relatively short head- 
body length, little-worn teeth, and poorly fused sutures on the bulging crania. 

Available measurements in millimeters of these four gray shrews (nos. 2369, 2765, 2766 
and 2767) are as follows: Total length,—, 88, 80, 85; length of tail, —, 26, 24, 25; length of 


hind foot, —, 10, 10, 10; length of ear (from crown), —, 4, 3, 4; (from notch), —, 4.5, 4, 
5; weight in grams, —, 3.7, 5, 4. Skull measurements: condylobasal length, 16, —, 16.9, 
17.2; palatal length, 6.7, —, 6.8, 7; cranial breadth, 8, —, 8.2, 8.3; cranial depth, 4.5, —, 


4.7, 4.7; interorbital breadth, 3.7, —, 3.8, 3.9; maxillary breadth, 4.7, —, 4.9, 5; tooth row 
from front of second incisor, 5.9, —, 5.9, 6.4; respectively. 

Through the courtesies of Mr. Kenneth E. Stager and Mr. James R. Northern, I report 
the taking of a fifth specimen of the gray shrew from Los Angeles County. Mr. Northern 
trapped an adult female in the Covina Hills, 600 ft. el., E. of Covina, on April 22, 1951, 
field no. 45, measurements: 73 mm., 24, 10, 7. It was recently donated to the Los Angeles 
County Museum by Mr. Northern. The specimen is an alcoholic in fair condition except 
for slipping hair on vent and belly. The skull has been removed and cleaned. Measurements, 
in the same order as those for skulls above, are: 16.8 mm., 7.6, 7.7, 4.4, 3.7, 4.8 and 6.9. 
The measurement recorded forearis greater than expected; however, the ears of thespecimen 
appear to be the size of those in the Hancock collection. 

For several years the gray shrew has been known to occur in the recent fauna of the 
following counties in Southern California: Santa Barbara, Ventura, San Bernardino, 
Riverside, San Diego, and Imperial. This report extends the known range to include Los 
Angeles County 

The uniformity of characters throughout the range of this subspecies, as well as the 
similarity between the skulls taken at various levels in the tar pits and those of recent 
specimens have been pointed out by others. Our specimens and the one at the Los Angeles 
County Museum agree in size and coloration with those of the subspecies crawfordi examined 
at the Museum of Vertebrate Zoology.—FLoyp E. Durnam, Allan Hancock Foundation, 
University of Southern California, Los Angeles. Contribution of the Allan Hancock Foundation 
no. 161. Received January 2, 1956. 


DENTAL ABNORMALITIES OF THE ALASKAN FUR SEAL 


Most variations in dental formulae of pinnipeds are probably due to the loss of teeth and 
the subsequent bony alveolar obliteration. These abnormalities make identification of the 
skulls somewhat difficult and may be the cause of systematic or taxonomic disagreements. 
For example Forbes (Trans. Zool. Soc. Lond., 11: 225-231, 1881) states, ‘‘As regards the 
genus Zalophus, it may be noted that Mr. O. Thomas has lately noticed a skull of Otaria 
jubata with the same number of molars as are supposed to characterize that genus (P.Z.S. 
1881, p. 4).” 
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ower center, have only five postcanine teeth on either side, and specimen 2838, lower right 


has only four postcanines on the left. This latter specimen also has a partially “‘involuted”’ 
alveolus of the left, fifth postcanine tooth 

If a tooth is lost while bone formation is progressing it seems likely that the alveolus of 
the lost tooth would fill in with bone. This is undoubtedly the case with the “‘involuted’ 
alveolus of the left, fifth postcanine of specimen 2838 The loss of teeth is considered unusual 
among most wild mammals, but there are numerous examples of a situation in humans 
similar to that shown by skull 2838, and most senile human skulls show no trace of the 
ilveolus of lost teeth 


It is well known that the dentition of pinnipeds is weak and, as mentioned above, th 





teeth are generally single rooted The root canal is often closed in individuals as VOUNE as 


seven or eight vears. This closure is due mainly to accumulation of cementum on the root 

Fur seals are predaceous mammals feeding mainly on large invertebrates and fis 
Scheffer, | S. Fish and Wildlife Service, Wildlife Leaflet 329. 1950 tocks are ofter | 
found in the stomach although the reason for their presence is unknown 


Due to the poorly rooted condition of the teeth and the consistency of the food and other 
materials swal owed it seems probable that accidental extractions would occur rather 
frequently Accidental extractions are also possible in other ways especially during the 
fighting that precedes mating 

The bony alveolar replacement also suggests a possible « xpl ination for “supernumeral 
teeth in some pinnipeds. Allen’s (U. 8S. Geol. & Geog. Sur. Terr., Misc. Publ. 12, 1880 
description of Zalophus californianus dentition includes the following, ‘‘When more tl 
five upper molars are present, the sixth or supernumerary is posterior to the fifth, and is 

suall smaller than the fifth (sometimes almost rudimentary) ind lacks the accesso 
cusps seen in the fifth.’ 


This description is similar to that given for the sixth upper posteanine tooth of ( 





ork except that Callorhinus normal! has this tooth. In faet, it may actually be tl 
the sixth upper posteanine of Zalophus, which Allen mentions as supernumerary, n 
norma be present If the tooth is deciduous as in the fur seal the evidence for this stats 
ment was presented to the Southwestern Division of the A.A.A.S. meeting at Tempe 
Ariz., Apr. 20, 1953) then it is normally lost. If it is permanent it could also be lost quit 
easily rather early in life. In either event the involution of the alveolus would eras« 
trace of its torme! presence 

Due to the fact that fur seals may replace the sixth upper posteanine, this decid 
tooth might, upon accidental extraction, be replaced by the permanent tooth. He 
the chances of the alveolus being involuted are decreased. It ippears however, that the 
deciduous tooth is not always replaced If the deciduous tooth is lost ver earl soo! 
ilter eruption the development of the permanent tooth ma be suppressed Subsequent 


extension of the jaw may then result in a diastema between the fourth and fiftl postcanines 
is seen in specimen 1875 Ropert B. CHrasson Departmer of Biological Scie 


Stanto ly ¢ f Stanford, California. Received Janua 13. 1955 


LIGHT PENETRATION IN RELATION TO SMALL MAMMAL ABUNDANCI 


V olus pennsylvanicus usually seems to be most abundant in the heaviest grassy cover 
of an are adie (Jour. Mamm., 34: 263-264, 1953), reported on relative vole abundance 


quarter-acre qguadrat of an uncut timoth field He found that the area of high mouse 


numbers as measured by bait aces ptance had almost twice as much vegetative cove 
is the area of low vcceptance.”’ To measure cover he air dried and weighed all vegetat 
taken from small random plots in the “high” ind “‘low’’ areas 


I decided to see if the same general results would be obtained using the ‘dropping boat 
method (41in. x41 squares of 'y in plywood kemlen et al. in MS The “‘Grady Tract 
of the University of Wisconsin Arboretum, where this work was carried out, include 
large ‘‘man made’’ though quite typical long grass prairie and also an area of ‘‘unimproy 


grassland. One hundred numberes 


dropping boards were placed 30 paces apart along tl 
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parallel lines transecting both types of herbaceous vegetation. Records were not complete 
for three boards, hence the calculations for this paper are based upon 97 of the 100 boards. 

A Weston photoelectric meter, model 603, was used to measure the light coming through 
to ground level, thus getting an indirect measure of vegetative cover. When such determina- 
tions are made in an homogeneous stand, they also yield an indirect measure of vegetation 
density. In order to be able to compare results from one area and time to the next it is 
probably necessary that all readings be taken with the sun unobscured by clouds and at 
approximately the same height above the horizon (K@gie, Oikos, 4: 178-186, 1952-53; Sather, 
Jour. Wildlife Mgt., 14: 138-143, 1950). In spite of these restrictions, I feel that this tech- 
nique is to be recommended because of the rapidity with which satisfactory data can be 
coilected. As far as I know, no one has yet determined the relative importance of vegetative 
‘cover’’ (amount of sky or ground masked by the vegetation, expressed as a per cent) as 
opposed to “‘density’’ (number of stems per unit area) in influencing use by small mammals 
It is also possible that cover composed of very thin translucent leaves may be just as good 
from a small mammal’s point of view as cover of the same size and number of very opaque 
leaves. 

Due to low mammal densities, the dropping boards were checked four times at two or 
three day intervals and the droppings of Sorez, Blarina, Microtus, Peromyscus, and Mustela 
rizosa were considered together. Disturbing the vegetation as little as possible, four light 
measurements of the zenith were made from ground level approximately eight inches from 
each side of every board. With this particular photoelectric meter (Weston Model 603) it is 
easy to obtain measurements of light at a level in the vegetation that is very close to that 
actually occupied by small mammals, a feature not found in the apparatus described by 
John H. Sather (Ibid Such readings are possible with the Weston meter because its 
photronic cell is located in a small, rather narrow paddle (18.3 x 5.0 x 1.5 em.). The paddle 
is connected by wires to the small easily carried box containing the rest of the photoelectric 
apparatus. All light measurements were made after the observations on droppings had 
been completed. Frequent unobstructed readings of the zenith were also taken. The four 
figures obtained around each board were averaged and divided by the unobstructed reading, 
thus giving the mean percentage of available light that penetrated to the ground. Figure 1 


shows these percentages grouped and averaged 
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Statistical comparison of all unvisited boards with all those visited at least once, gave 
F = 4.34*, evidence that there probably was a real difference in the light transmission at the 
used and unused boards. This then offers further evidence of the positive correlation 
between abundance of small mammals in grassland habitats and the amount of herbaceous 
vegetation.—ArcuirE 8. Mossman, Department of Zoology, University of Wisconsin, Madison 
Arboretum Journal series #31. Received January 3, 1956. 


NOTES ON THE BEHAVIORAL DEVELOPMENT OF CAPTIVE 
RED-BACKED MICE 

The data herein contained were taken from a litter of five red-backed mice, Clethrionomys 
gapperi, born in captivity on August 22, 1954, to a female that had been captured on August 
17 at Taborton, Rensselaer County, New York. I am indebted to William Kelly of Albany, 
who caught the mouse and brought her to me. 

The physical development of young red-backed mice of the species C. rutilus has been 
discussed in detail by Morrison, Ryser and Strecker (Jour. Mamm., 35: 376-386, 1954) 
Since the descriptions given there are closely similar to events noted for the young involved 
in this study, this note deals primarily with the development of various aspects of the 
behavior pattern, and their time of appearance in young individuals. 

Within one day after birth the young were capable of vocalization. Shrill and almost 
inaudible squeaks were heard at this time. The young were hairless and helpless, practically 
incapable of moving about. At the age of four days, they gained some sense of equilibrium 
and remained right side up most of the time. At five days, they began to crawl about the 
cage, albeit slowly and awkwardly. One of the five young died at this age, and the following 
observations were made on the remaining four. 

After the sixth day, the young held so tightly to the mother’s nipples that it was difficult 
to dislodge them for weighing and examination. At seven days the most advanced individual 
had developed both pairs of incisor teeth to the extent that it could gnash them when it was 
handled. In all four, gnashing of teeth occurred as soon as the incisors appeared 

When they reached eight days of age, the young mice crawled about freely but awkwardly, 
with hind legs at right angles to the body. One protested with squeaks when handled, the 
first vocal protest. At nine days, equilibrium was sufficiently good that they could scratch 
themselves with a hind foot. Coordination was improving, but they still jerked and twitched 
a great deal. The eyes of the most advanced individual opened at this age. 

On the tenth day, they began to crawl off the pan of the scales when weighed, and one 
sucked at my finger while being carried back to the cage. At eleven days, one sat up and 
washed its face with its forepaws, while another made an attempt to do the same, but was 
unable to retain its equilibrium. Another, which did not yet have its eyes open, sat up in 
defense posture when touched. At this time they were capable of crawling over an obstacle 
one-half inch in height 

At twelve days, the eyes of two were fully open; the other two attained this status a day 
later. The same individual that had assumed defensive posture the day before now sat up, 
bared his teeth, squeaked, and boxed at my finger with his forepaws. Another, the most 
advanced physically of the four, crawled over the edge of a box with two-inch vertical sides, 
though he himself was only about three inches in length. All of them were now capable of 
walking quite efficiently and could run awkwardly 

At thirteen days, when all had their eyes open, they assumed the trait, normal in adults, 
of sticking their noses through the nest material, sniffing and peering around when the top 
of the cage was opened. They were able to climb at a 45° angle up my arm, but did not 
climb around the sides of the cage. On the fourteenth day, they were first seen climbing on a 
vertical surface, the one-quarter inch wire mesh sides of their cage. One escaped from a fruit 


basket with nearly vertical three-inch sides by jumping up and getting his forepaws over 
the edge, and pulling himself over. For the first time it was evident that they were doing 
their own grooming, for they spent much time in washing and cleaning their fur. At this 
age, they took solid food for the first time. 
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At fifteen days the mother seemed to be making some effort to wean the young, and they 
were completely weaned at seventeen days. On this day, they made the first effort to escape 
capture by running about the cage, and two of them urinated when picked up. They were 
then separated from the mother, and were from then on generally similar to adults in 
behavioral characteristics—ALLEN H. Benton, New York State College for Teachers, 
Albany, New York. Received December 12, 1954. 


MYOTIS KEENII IN FLORIDA 

[I collected one adult female Myotis keenii septentrionalis in Old Indian Cave three miles 
north of Marianna, Jackson County, Florida, on October 30, 1954. The bat was torpid when 
first picked from the wall of the cave. Upon skinning it I found heavy deposits of fat; it 
weighed 7.2 gms. It was hanging by itself, although the same chamber of the cave contained 
about 1500 Myotis austroriparius hanging in several large clusters, and about 4000 Myotis 
grisescens in many smaller clusters; in addition 75-100 Pipistrellus subflavus were present. 

The next nearest locality records for Myotis keenii are Marion County, Tennessee, and 
Towns County, Georgia (Miller and Allen, Bul. U. 8. Natl. Mus., 144: 106-110, 1928); thus 
this record extends the known range 290 miles south. The one individual was probably a 
migrant from farther north, or possibly it represents an isolated local population, analogous 
to the local population of Myotis grisescens (Rice, Jour. Mamm., 36: 289-290, 1955). Ex- 
ploration of a dozen other caves in the vicinity and three miles farther down the Chipola 
River on October 30 and 31 failed to reveal any additional individuals of Myotis keentt. I 
returned to Old Indian Cave on December 11 and found no Myotis keenii. To determine its 
status in the region more investigations of the caves during the winter are needed, in 
addition to shooting during the summer months, since it does not breed in the caves like 
Myotis gris 


Identification was by the writer. The skin and skull are now No. 1043 in the University of 


scens 





Florida Department of Biology mammal collection Date W. Rice, De partment of Biology, 
University of Florida, Gainesville. Received January $, 1955 


MYOTIS SODALIS IN WISCONSIN 


A specimen of Myotts sodalis taken from an abandoned lead mine in southwestern Wiscon 
sin represents the first record of this species for that state. The bat was taken from a mine 
known as Atkinson’s Diggings, two and a quarter miles west of Beetown, elevation 850 
feet, Grant County, Wisconsin, on November 7, 1954. This individual was discovered 
among 274 Myotis lucifugus which the writers had gathered for banding. It was the only 
M. sodalis seen. The specimen, a female, has the following measurements: total length, 
91 mm.; length of tail, 37; hind foot, 9.5; and ear, 14.5. The specimen is now number 7191 
in the collection of the University of Illinois Museum of Natural History 

The northern limits of the known range of this species in the Midwest now extend to 
southeastern Michigan, southern Wisconsin, and central Missouri.—Wayne H. Davis 
AND WiLuLiaAM Z. Lipicker, Jr., Museum of Natural History, University of Illinois, Urbana 


Received December 16, 1954 


WEASEL PREYS ON LARVAL SALAMANDER 

On August 27, 1954, while on a short hike up the Wahkeena Falls Trail in the Columbia 
River Gorge east of Portland, Oregon, Mr. and Mrs. T. D. Kirkpatrick, my wife and myself 
had the opportunity of watching a weasel (Mustela frenata) hunting. The animal was first 
seen coming up the trail over which we had just walked. It nosed along checking all the 
holes in the rocks, and under the roots of an overturned tree near the foot of Fairy Falls. 
From here it went to the rocks along the stream and began systematically ducking under 
the water and searching among the rocks. After going back and forth along each bank 
about ten feet it made a grab among the rocks and came out with a larval giant salamander 
(Dicamptodon) about five inches long. As I slowly reached out to capture it, it continued 
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chewing until finally becoming concerned about my hand a few inches above its back. 
As I grabbed, it ran, leaving the salamander a few feet away. The weasel apprehensively 
moved back and forth in the brush a few feet below us, watching our actions. 

Since the salamander’s brains were well exposed, the weasel had apparently made a clean 
kill. We left the salamander beside the stream in the trail where it had been dropped by the 
weasel. A half hour later as we returned down the trail we were unable to find the weasel’s 
prey. 

A weasel would not normally be expected to behave in this manner as much as a mink, 
However, it was seen at close range that the animal was very light colored on the underside 
and the upper parts were brown. The tail had a black tip. The animal was estimated to be 
15 inches in total length. A look at skins in the museum collection convinced me that it 
was a weasel I had seen.—FRANKLIN W. SturGEs, Oregon State College Museum of Natural 
History, Corvallis. Received December 27, 1954. 


AN ADDITIONAL RECORD OF MUSTELA ERMINEA FROM UTAH 


In the night of September 10, 1954, I trapped a male ermine, Mustela erminea muricus 
(Bangs), one-half mile east of Soldier Summit, in Wasatch County, Utah. I had set 42 
hardware-cloth, 244” x 244” x 10” live-traps and 45 Museum Special mouse-traps in grass 
along a moist swale and near head-high thickets of Salix. The ermine was found, alive in a 
live-trap with a dead Peromyscus maniculatus, at the edge of a thicket the next morning 
Part of the head including the brains of the Peromyscus had been eaten. I surmise that the 
ermine entered the trap containing the Peromyscus by lifting the sheet-metal trap door 
which was hinged at the top of the trap and could be pushed inward. Other mammals 
trapped at this locality were five additional Peromyscus maniculatus rufinus and three 
Microtus montanus amosus. The scarcity of records of the ermine and of many other “‘rare’’ 
mammals is probably not a result of their actual rarity but of the collecting methods 
commonly employed and of the habits of the animals. Many of the ermine recorded from the 


‘ ” 


Rocky Mountains were taken, as was the above specimen, “‘accidentally”’ in mouse-traps. 
Live-traps of a slightly larger size than those mentioned above and baited with living 
Peromyscus or other small rodents might prove a useful method of collecting Mustela 
erminea. External measurements in millimeters of the specimen, catalogue number 63329 
in the Museum of Natural History, are as follows: total length, 227; length of tail, 60; 
length of hind foot, 30; and height of ear from notch, 15.—Sypngy ANDERSON, Museum of 
Natural History, University of Kansas, Lawrence. Received January 3, 1966. 


A LOW ALTITUDINAL RECORD OF THE SIERRA NEVADA PINE MARTEN 


On October 6, 1954, Mr. Gene Gerdes, California Department of Fish and Game, Bishop, 
and I found a male Sierra Nevada pine marten (Martes americana sierrae) that had been 
killed by an automobile one half mile west of the city limits of Bishop, Inyo County, Cali- 
fornia on West Line Street. Bishop lies in Owens Valley close against the precipitous eastern 
slope of the Sierra Nevada at 4,200 feet elevation on a Piedmont plain sloping out from the 
base of the mountains. The surrounding vegetation is typical of the Upper Sonoran Zone 
of the Great Basin and is composed of rabbitbrush (Chrysothamnus teretifolius), rubber 
rabbitbrush (Chrysothamnus nauseosus), blackbush (Coleogyne ramosissima) and associated 
species. The nearest trees are pinyon pine (Pinus cembroides var. monophylla) at about 
6,000 feet and four airline miles away. Typical marten habitat at 9,000 feet is present eight 
airline miles away 

The precipitousness of the eastern Sierran slope often causes wandering animals to be 
found far from their normal altitudinal range, though they may have traveled only a very 
few airline miles. However, Grinnell e¢ al. (FUR-BEARING MAMMALS OF CALIFORNIA, 1937) 
state that though marten in the central Sierra Nevada were known to make occasional 
trips down to 6,000 feet in the Transition Zone, lower excursions were not known. He givet 
their normal range as above 7,000 feet in this area near coniferous forests in the Hudsonian 


and Canadian zones 
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This record at 4,200 feet in the sagebrush type of the Upper Sonoran Zone is, therefore, 


an instance of unusual wandering.—Frep L. Jones, California Department of Fish and 


Game, Fresno. Received Jan sary 3, 1956 


RECORDS OF SOUTHERN WOLVERINE, GULO LUSCUS LUTEUS, IN 
CALIFORNIA 


Ruth (Jour. Mamm., 35: 594, 1954) reports a recent observation of the wolverine in 
Calif 


yrnia. Jones (California Fish and Game, 36: 320-322, 1950) reported on sixteen recent 





records. Since that on: 





nine additi come to light. 


In 1938 Bill Carrasco, Lone Pine, California, cattleman, saw one in Little Five Lakes 
Basin, Tulare Count) 
Meadow 


Calitornia Department of Fish an 





et elevation. In 1938 Carrasco also saw two at Bullfrog 
_near Tunnel Meadow, Tulare Count t 9,000 feet. In June, 1950, Jim Loundagin, 

, Game, Bishop w what he believed to be a wolverine 
ut the inlet of Crooked Creek into Crowley Lake, Mono County, at 6,700 feet. In September, 


1950, an unidentified Lone Pine resident reported seeing one in a tree on Shepherd Creek, 


Inyo Count In July, 1951, Allie Robinson, packer, Leavitt Meadows, stated that several 





people had reported seeing one near the junction of Highways 108 and 395 in Mono County 


peo} , 
it 7.000 feet 

In August tment of Fish and Game, Glennville, 
saw trac the west side of Greenhorn Mountain, 


ved tracks of one in the trail for 4-5 


n the Kern River, Tulare County, 


Department of Fish and Game, C 


it 6,500 feet 





artago 
killed one that had been crippled by a deer hunter about three miles east of Onion Valley, 
Inyo County, at 8,000 feet. In November, 1953, Jerry Mankins, California Department of 
Fish and Game, Fresno, photographed tracks of one in the Camp Six area near Barton’s 
Flat, Fresno County, at 6,500 feet—Frep L. Jones, California Department of Fish and 


Game, Fresno. Received January 3, 1956 























Studies of small mam: ccurrence at higl titudes in the Sierra Nevada are un- 
ymmon, so the opportuni yr evel hort « t is welcomed. The period of 
August 17-26, 1954, was spent at lower G e i] ¢ ) 900 feet, Sierra National Forest, 
Fresno County, California. This locality is approximately eight miles from the nearest 
jeep road 
\ northeast slope « pproximately 45 degree eling off near the top, was arbitrarily 
picked for the study. Nothing was known or wv earned of the comparative characteristics 
f adjacent areas of other exposures and degre slope. The soil was granitic in its entirety 
und was gravelly in nature, except in the 1 i here it was loamy in texture and 
yntained some humus. As illustrated g yw form of willow (Se yrestera) was 
ymmon over the center of the plot, with meado ordered willow at the top. The 
ymon herbaceous species, in the meadow and interspersed in the llow, was Carez 
é ta. The sides of the bottom « he plot, as illustrated, were open, rocky 
I most re of | ceou getation. Small lodgepole pine Pir mtorta), an 
occasik vhite-ba pine (Pir t one well-grown, mountain hemlock 
Tsuga mertensiana), were found scattered er the slope, but could not be determined 
» influence the distribution of the animals in questio1 
Twenty-five Number 0 “Havahart”’ live traps were set on a grid pattern, 42 feet apart 
Th vas meal ( ove ipproximately one re. Ter Museum pecl il’’ st ip traps were 
set, for eight nights, 200 feet northwest t or ell forested area, and ten 
were set, for 2 nights, 200 feet southwest I n eage re between willow and heavy 
rocks. These latter sets were to determine drift, if any, and to pick up specimens for stud) 


skins. Live-trapped animals were marked by clipping toes, and then released. Rolled oats 
vas used as bait. Trapping was started on the night of August 18, and ended on the morning 


August 26 
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From all types of trapping and observation, six species of small mammals were known 
to live on the plot, or in similar habitat adjacent to it: the long tailed meadow mouse 


Microtus longicaudus); the heather vole (Phenacomys intermedius), one specimen of whic 


was taken near the lake in a snap trap; the dusky shrew 





scurus), one specimen of 
which was taken in a snap trap southwest of the plot; one unidentified chipmunk (Eutamia 
sp.), taken, marked, and never retaken, and the deer mouse (Peromyscus maniculatus 
One weasel, apparently the long tailed weasel (Mustela frenata) was seen once, and actions 
of birds indicated its presence two other times 
In eight nights (200 trap nights) of live trapping, seven different individuals of Pero 
° | 1 


MYSCUS and two of Mic rowu longicaudu were taken, marked, and released The line of 


snap traps to the northwest vielded one heather vole and four Peron yscus in 80 trap nights, 
but two traps wert drag l ili 





away indicating the possibility of two additional captures 
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Fic. 1.—Circled numbers indicate the order of traps. The lake and lower edge of the 


slope are to the northeast. Numbers 1-7 are Peror mar latus and 8-9 are Microtu 
longicaudus. Exponent numbers indicate the order of trapping 
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n of this pressure may be found 
rapping period. In addition to the 
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TABLE 1.—Catch of P. maniculatus in the vicinity of Cottonwood Basin (9500 ft. elevation 
White Mountains, Mono Co., California, in 1917 and in 1954 

P. maniculatu | 

Date, field party Trap nights 


Sex Adult Juveniles Total 


Catch/trap 


night 


July 25-Aug. 3, 1917 Tes 50 8 58 
Grinnell, Shelton, and 
White . 56 19 75 


Total 106 27 133 1463 0.09 


June 21-28, 1954, Russel An 54 140 194 
Leopold, Williamson 
ind Hoffmann 9 ¢ 87 200 287 


unclas 
sified 47 1204 0.44 


Total 141 340 528 





dicating continual replacement of the trapped individuals. Almost all of the mice were 
aught at night. No unusual diurnal activity was notec 
The sex and age composition of the catcl shown in Table 1. Only 30 per cent of the 
imple was composed of fully adult animals. This might be expected in an early summer 


ion that presumably attained a high level through active reproduction in the early 


ising, however, that there was no evidence 








spring, with subsequent low mortality. It is sur] I 
of reproductive activity the trapped animals, although all were examined for extern 
indications of pregnancy, lactation, or testes i scrotal position. In addition, ten adults 
5,5 > ) were autopsied. Placental scars, but no embryos, were found in the females 
nd the testes of the ma upparentl ere regressing 
More females than males were ca ight, and this was true of the juveniles as well as 
he lults. Usually males are reported slightly to outnumber females in catches of P 
manicutlat , asituation ascribed ir part to the greater n ybilit »f the males. It is of interest 
that the same preponderance of females was found in the catch of P. maniculatus made in 
the same area by Grinnell, Shelton, and White, in 1917 (unpubl. field notes) at a time wher 
he population seemed to be moderately low (Table 1 
Finally, in contrast to some other peak populations reported, the other species of small 
mm in the area did n¢ ve high population levels. This general situation of 
high P. mar latus population, coupled with low numbers of other small mammals, was 
encountered at all place visited in the White Mount ins, ulthough no records of number 
1ught were kept at other camps Rosert 8S. Horrmann, Museum of Vertebrate Zoology 
{ t of California, Berkel ( rent addre Department of Zoology, University of 


THREE NEOTOMA POPULATIONS IN GEORGIA AND INTERPOPULATION 
MATING IN CAPTIVITY 


From October, 1951, until April, 1954, several collecting trips were made in Georgia 
and a few immediate areas for the purpose of live trapping Neotoma to use in breeding 
experiments. This has also resulted in some clarification of statewide distribution. This 
particular region well represents the southeastern forms since N. magister Baird, N 


floridana floridana (Ord), and N. floridana haematoreia Howell all occur within the state 


It is interesting to note that a definite hiatus exists between these populations. N. floridana 
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floridana occurs throughout most of the Coastal Pl 
Fall Line in Georgia 
they 
Plateau (Appalachian Plateau Province) in 
the Piedmont and the Ridge and Valley 
with no known records for Neotoma. 


Province 


On October 31, 1953, an immature female of N. , 
hand in a rock building on the top of Blood Moun 
Union counties, Georgia 


was kept alone in a cage until April 19, 195<. On thi 
a fully mature male of N. floridana flor 
April 1 in 
Aiken County, 
May but 


had several open wounds and a portion of the t 


cage with 





trapped on an abandoned corn crib on 


South Carolina. This pair remaine 


were then 


separated because of the ver. 





itibility two young were f l 


however, the young were found dead in the 


the unnatural environment rather than to any 





The male was placed with the above female agai 
ther females from other localities for short period 
side le iniurv to the females. No other birt} 
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vhich caused high tides along t 
specimen, two of which show the large single t 
characteristic of this species One tooth was sent 


History, where it was identified by George G 


GENERAL NOT 


extend into the northeast portion of the state. N. 


the Dade County 


This is the type locality for the subspecies. 
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ain but is never seen much above the 
N. floridana haematoreia occurs in the Appalachian Mountains where 


magister occurs on the Lookout 
area. This leaves most of 
between the two mountain districts 
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This individual 
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He informed Mr. Martin of this fact in a letter dated September 20, 1946, and asked to be 
allowed to keep the specimen for the Museum’s collection. This letter and the photograph 
were given to me by Mr. David Kramer, to whom I am indebted, and were filed away too 
well as stated above. After the information was resurrected I interviewed Mr. Martin at 
Port Aransas. He averred that the animal was a male and was 16 feet long or more. None 
of the skeleton was saved and it has long since been buried without marker or trace by the 
continuously blowing sands of this wind-wracked coast. Nevertheless, the above informa 
tion is adequate to establish the stranding of Mesoplodon densirostris on the coast of south 
Texas, and it is also the first record of this beaked whale from the Gulf of Mexico.—Gorpon 
GUNTER, Gulf Coast Research Laboratory, Ocean Sprin is, Missis ppi Received December 
16, 1954 


NOTES ON THE REPRODUCTION OF A BARINGO GIRAFFE 


Koga (Kagaku (¢ laho, 27, 1938) reported on the birth of a Nigerian git iffe, female, Giraffa 


was reported to be 





camelopardalis peralia at the Ueno Zoo at 7:24 pm. Parturition time 
three hours, nineteen minutes. The calf gained its feet at 7:56 pm, 32 minutes after birth, 
though it did not eat for 42 hours. 

On the morning of December 3, 1954, we were afforded the unusual opportunity of 


observing the birth of a Baringo giraffe, male (G. c. rothschildi), at the San Diego Zoo 
Parturition was first seen to be in progress about 10:15 am. The forelegs of the foetus had 
appeared at this time followed soon after by the ventrally positioned head and neck. During 
most of the labor period the mother remained on her feet moving restlessly about the 
enclosure. As uterine contractions occurred she would spread her hind legs and extend her 
head and neck forward almost paralleling the ground. Occasionally she would lie dow1 
for short intervals 

After the forelegs and neck of the foetus were expelled, very little progress was made 
until about 11:55 am when the anterior part of the body was extruded. Birth was completed 
shortly after this at 12:06, approximately two hours after it was first noticed that labor 
was in progress 

With delivery accomplished, the mother began carefully cleaning her offspring eating 
the foetal membranes during the process. The placental tissues, expelled later, were not 
consumed although they were left in the enclosure until the following morning 

Shortly after birth the calf raised its head to an erect position and repeatedly mad 
unsuccessful attempts to gain its feet. The mother did not assist beyond nuzzling and licking 
although she was quite solicitous and resented any close approaches to her enclosure. It 
was not until the following morning that she reluctantly permitted us to enter. At this 
time the calf was transferred to a sleeping compartment which had been provided witl 
bed of fresh hay. Attempts to assist it to stand so that nursing would be possible failed, 
and artificial feeding on a diet of Colostrum, obtained from a local dairy, was employed 
Death ensued about 1:30 am, December 6. The autopsy report (Clyde McMorrow, M.D 
indicated death was due to pneumonia. Extensive muscle damage of the left thigh was 
present. This was attributed to a contraction ring in the cervix of the mother during 
parturition and, no doubt, accounted for the failure of the calf to gain its feet. 

The calf resembled the adult closely except for size and lighter buffy color of the spots 
The horns had not formed, but tufts of long black hair marked their future positions on the 
head. The following weight (kgs.) and measurements (cms.) were taken shortly after death: 
Total length, 204; tail length, 39; hind foot, 68; ear (crown), 16.5; tip of foreleg to withers, 
153; greatest girth, 108: weight, 72.8 

The parents were acquired by the San Diego Zoo October 25, 1938, at which time they 
were estimated to be two years of age. They have produced seven offspring as follows: 
3/15/42—male, 6/5/44—female, 4/13/46—male, 10/12/48—male, 10/3/50—female, 8/24/52 
male, 12/3/54—male 


In all cases except the last, parturition occurred during the night and was usually 


preceded by extreme nervousness on the part of the mother the day before —Grorcar H 
PouRNELLE, Zoological Society of San Diego, California. Received December 14, 1954. 
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REVIEWS 


Zim, Herbert S. and Donald F. Hoffmeister. Mammats. A GuipEe To FamMiLtiarR AMERICAN 
Species. Simon and Schuster, New York. 160 pp.; 218 color portraits; range maps. Price 
$1.95. 


This new addition to the Golden Nature Guide series should serve to popularize mammals 


as only a few recent books have. Aimed at the general public, the mammals included are 
depicted with beauty and accurac For naturalne life-like posture, and background 


these portraits by James Gordon Irving deserve high praise. That they could be produced in 
such excellent color r ndition so prolifica nd ine xpensive ly is a remarkable publishing 
fant 


Each species portral 


commentary that presents some essential 





facts on size, food, ha + facts are necessarily limited by space, but 





are well chosen and 


range maps give a good idea of the general distribution 


of each mammal today and in the past 











An introductory section provides a colored picture key to the main types of mammals 
This is followed by some general information and suggestions for seeing and studying 
mammals in the field. It would have done no harm in this section when writing on economic 
ralues and conservation to point out that wild mammals may sometimes give man some 
tr most people are aware t pI ems exist and it s¢ good purposé 

( 

Suggestions for study include brief comments on observing, photographing, collecting 
tracks and mammals, preparing skins and skull nd using museums and zoos. For the 
general public, the suggestions on wild mammal s pets might well have been worded 
differently. In most cases such pets suffer an unhappy end 

Phylogenetic ‘‘trees’’ are provided for mammals in genet nd for each large order and 
family. Even the small colored portraits that illustrate these ‘“‘trees’’ are models of accu 
racy and charm. Each of these phylogenetic ree is accompanied b hort discussion 
that should be of great educatio1 value for the man, since these comments skillfully 
tie the separate accounts into a meaningful grouping. Scientific names are ited to 
key list in the back of the book. It is doubtful that their parenthetical inclusion in the 
species accounts would have scare off ar I der he woul have been more 


instructive there. 


Many of the individual portraits are accompanied by backgrounds that are delightful 





nd well hosen to gi the re ider ce r F ide ‘ the + pe of habitat in which the 
11 
IY nr llVvé 
It is apparent at thi have much praise for this littl ) ind authors, 
rtist, and publisher ar xd for splendid omplishment. [t should do much 
rouse intelligent, poy t in our natural heritage of mammals.—W. RosBert1 


HADIE 
Peterson, Randolph L. Nort American Moose. Univ. of Toronto Press. xi + 280 pp 





35 tables; 66 figs. (line cuts and halftones 1955. P e, $12.50 
This reviewer’s qualifications iting about a book on North American moose are 
limited. Nevertheless, having w 1 tourists equipped with cameras in Yellowstone 





s in the velvet, and 


National Park circle closely and brazenly around two magnificent bul 
having observed the moose in more natural situations feeding in the lakes of Canada’s 
wilderness, I find the book so satisfactory ir ing a need for information about these 
great deer that I am constrained to ignore my limitations 


Dr. Peterson has succeeded in packing into this modest-sized work most of the published 





information on the North American moose. In addition he has added a great deal of fresh 


information gathered by himself and co-workers from Canada’s ideal moose habitats 





Indeed, much pertinent information on the moose from European workers is included by 


y of comparison and supplement 





1 1 


After a brief introduction to set the stage by citing the chief contributors of informatio1 





} 


on the moose from 1674 to 1934, the author proceeds systematically to present his data. I 
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like especially the early quotation on page three from Josselyn (1674), ‘“‘The Moose or Elke 


is a creature, or rather if you will a Monster of superfluity . .. their horns . . . very big 
(and brancht out into palms) the tips whereof are sometimes found to be two fathoms 
asunder . . . and in height from the toe of the forefoot, to the pitch of the shoulder twelve 


foot, both which hath been taken by some of my sceptique Readers to be monstrous lyes.”’ 

In brief chapters, the taxonomy, paleontological history, post-glacial dispersal, and early 
history of the moose in North America are presented. Then follows a vital chapter on the 
general population status of the moose. In those limited regicns of the United States wher 
the moose remains, its status is not entirely discouraging, but it is obvious that the last 
great refuge for this huge deer will be the wilderness areas of Canada. Detailed data are 
given on status in Ontario 

The chapter on rate of reproduction reveals the serious lack of information on this vital 
aspect of moose ecology. Under ‘‘General Life History’’ much vital information is presented 
on calves; parent relationships; calf mortality and survival; sex ratios; growth, weights, 
and measurements; pelage; teeth development; body development; antlers, breeding 
habits; and maturity and old age. One would gather from the account on breeding that an 
actual eye-witness account of the mating act of the North American moose does not exist 

An interesting chapter on general behavior and activities gives information on such 
aspects as senses; disposition, temperament and mannerisms; protective behavior; reactions 
to humans; sociability; swimming and diving; travel, gait, and speed; daily and seasonal 
activity; and territoriality (no evidence for) and home range 

The section on food and food habits is the most detailed in the book. It is here that the 
author has made his most important personal contribution, and this section should be very 
valuable to future workers. The sections on habitats and on relationships with other animal 
are important in correlation with the food habits studies. The great significance of the 
possible competition between the moose and the white-tailed deer is rightly emphasized 
With the rapid northward increase in numbers of white-tailed deer, game managers ma) 
be properly concerned with preserving the remaining strongholds of the moose in suitable 
condition for continued occupancy in reasonable numbers by the moose. 

Predation by associated wild animals is suitably deemphasized and viewed in a rational 
perspective, but this reviewer would have appreciated a stronger stand on the bounty 
question. Nevertheless, the author makes clear in one brief paragraph that he sees n 
accrued benefit to the moose from predator bountie 

Additional chapter headings are, ‘“‘Diseases, parasites, and insect pests;’’ ‘“‘Accidents;”’ 
“Population studies;’’ and “Management.’’ The magnitude of the role that accidents 
play in reducing moose numbers was surprising to this reader 

There are two appendices by other authors: ‘‘Appendix A. A study of mandibular toot! 


wear as an index to age of moose” by R. C. Passmore, R. L. Peterson; and A. T. Cringan; 


und “‘Appendix B. Studies of moose antler development in relation to age” by A. T. Cringatr 
The book is well illustrated, and many moose activities are portrayed by excellent 


photographs. Numerous tables and cha 





ts provide supporting data. It is unfortunate 


that the book could not have been produced more economically, thus giving it a wide 


sale. Despite this, few serious students of mammals can afford not to have this compre 
hensive reference work on the moose on their shelf —W. Ropert Eapit 


(This second review of NORTH AMERICAN MOOSE arrived after the above review had been 
set in galley. Since it presents viewpoints from a more qualified critic it is published 
also.—Ed.] 


There have been few good books devoted to single species of North American big game 
O. J. Murie gave us a good one on elk, and Roe produced one on bison with more historical 


skill than biological competence. Einarson wrote an excellent volume on the pronghorn 
antelope. Skuncke gave us an apparently excellent moose book in Swedish in 1949, but 
North Americans are peculiarly clumsy with languages. To most of us this book has remained 
a well-bound and beautifully illustrated volume of mystery. Inklings of its content have 
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come only from brief translations done for a few moose enthusiasts. Now Peterson has 
written a North American moose book 

The plan of this new book is similar to Murie’s on elk. It is an intense volume. Fact 
follows fact throughout in a manner that reduces r 


ul 


eading ease increases value fo1 
reference. The contents are as follows by m ijor headings, which are not necess arily chapte1 


headings: taxonomy, history popul 





tion trends by provinces and states, reproductive rate 


life history , behaviour, food h ibits, habitat, rel tionships with other animals, diseases and 


parasites, population studies, management, and two appendices, one on tooth wear rela 
tive to age, the other on antler deve lopment relative to age 
The pric e is unfortunate. Prices of technica 


l 


books generally have risen sharply in recent 


ears, and in many cases have left the ability of the sci ntist and technician to buy fa 
behind. Since this book has only about 290 pages, the cost per printed page is over four cents 


Both the binding and illustrati 





re good but by no means luxurious. These cannot bx 
considered as major contribut to producti 


It must be concluded that the high 
price is an extreme example of high printing costs generally, accent 
prediction of limited sales. We have become so used 


th 


iuction cost 


ited in this case | 


to the benefits of mass production th: 
1e cost of limited production may appear unreasonable 


In a review such as this it is traditional to point o1 

















it errors and omissions. Someone has 
id that this is often followed b n account of how the reviewer would have written 
etter book. In se there « be no doul I ithor stands alone in his know 
edge of his subject. Nevertheless there are crit comments to be made. A review has littl 
ilue if it is all praise and summary 
There are only two plac es where Peterson the writer show through the nearly mechanie: 
recording of facts. In an e irly chapter he postulates a stimulating theory of glaciatio: 
determining the present distribution and su speciation of moose in North America. It is ar 
excellent piece of work, combining conon 1d pleistocene geology to form an acceptable 
explanation for racial differences of moose in Ameri The author terminates his book 
with a discussion of management. Here again ther relief in being nearly free from refer 
ences to the works of others 
Considera i€ dat rep l V I I n moose it 1 I expectedly low 
Calfless cows cons e 60 to 70 per cent of all cows in data collected from Newfoundland 
to Alaska. There is room for larg rors in these figures, however the author points out 
Cows do not normally produce young until near their third birt} day. There are thus two 
ge classes in the female population that ar t productive. Since there is no easy w 1) 
) separate yearlings from adul and in Br h ( mbia observers t ed by seeing up 
hundred 1 daily have failed to recognize calves as such in winter. these young 
e classes could a¢ int for n of the calfle e cows observed. In addition, moose 
habits and habi re h that man cow ha full udder. Finally, calf count 
made in mid a iate umme ire lal use to 1llustrate reproductive rate 
ecause of the high natural mortality 1 that most animals in early life. For these 
na reasol hgure howling high percentage of | irren cows must e treated witl 
utior 
As to sex ratios, they are equal in Eastern Canada, but in British Columbia nd Alask 
cows tend to outnumber bulls about two to one. Peterson fails to point out that this differ 
ence between east and west may not be real, but due to inaccurate data fr m the west as 
result of mountainous terrain. Bulls tend to stay at higher elev itions while observers and 


hunters often find lower elevations the most productive areas in which to work. Act urate 
ratio determination in the mountains requires special care before results can be 


( used 


vith complete confidence 

After analysing much information on the age compositions of populations across Ame} 
ica, Peterson concludes that the annual recruitment to the adult herd rarelv exceeds 20 
per cent. The average is about 16 per cent. This is a high percentage to result from herds 
in which about half the cows are said to be productive, and is probably a reflection, in 
part, of light predation on moose throughout most of its r: 
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It is stated that ‘‘moose show no well marked migrations as do wapiti and caribou.”’ 
Certainly the caribou is unique in this respect, but in British Columbia there are moose 
migrations as ‘‘well marked”’ as any undertaken by elk anywhere. There is the difference, 
however, that elk movements are more conspicuous because of herding habit and the open 
ranges that they usvally frequent. 

The distinction between ‘‘voluntary” and “‘enforced’’ yarding of moose in winter is 
not clear to this reviewer. The difference seems arbitrary, or am I out of step in believing 
that a “‘yard”’ is merely an area of range that receives concentrated use in winter, pr 
sumably because that area offers certain advantages, whether from insolation, topography 
cover, food or other reasons 

The chapter on habitat gives some excellent word pictures of what is superior moose 
range in Ontario. This, and the chapters on food, are based upon a previous publication 

Peterson, Studies of the food habits and the habitat of moose in Ontario. Contrib. Roy 
Ont. Mus. Zool. Palae. No. 36, 1953). Balsam fir (Abies balsamea) appears to be the most 
important food in the East, largely a result of its abundance. There are, however, thirteer 


species of plants that have lower density there, but are subjected to heavier use. The most 
thoroughly used of these are willows, which are not usually abundant on eastern moos 
ranges. Perhaps the greater abundance of willow on moose ranges in the mountainous 
west partly explains the more dense populations there. On some extensive ranges in Britis] 


Columbia willow bushes on dry sites average only six feet apart, a condition which would 
be quite unusual in Ontario 


the Aldous Method to evaluate his ranges, partly because it had been used 





Peterson u 
on Isle Royale and comparable data were desirable. This survey method has been much used 
in the big game ranges of America. Its essential element is an estimate of the percentag: 
of summer’s growth used in the following winter. The method has some pitfalls. Perhaps 
the most serious is that those who analyse the data often lose sight of the meaning of ‘‘per 
cent.’’ Thus 50 per cent use of a balsam fir is considered equal use to 50 per cent use of 
ow, which is true in the sense that in eating half a sausage and eating half a pig 
each is half eaten. Similar proportions need not be similar quantities. Peterson does not ay 
pear to have improved on previous surveys using this method 

This new book on North American moose covers so much ground with an obvious ol 
ective to keep down costs through economy of words, that all of it will not satisfy every 
one. Most will agree, however, that here is an outstanding reference work on a spectac ular 
and valuable species of big game. This will be our standard moose book for many years 
It should be in the library of everyone interested in ungulate big game.—R. Y. Epwarps 
Parks and Recreation D B.C. Forest Service. Victoria, B. ¢ 





BRIEFLY NOTED 


Turner, C. Donnell. Genera ENpocrino.iocy. Ed 
Philadelphia. xi + 553 pp.; 171 figs. 1955. Price, $8.00 

The second edition of this solid work on endocrinology contains a new section, ‘‘ Adaptive 
Reactions to Stress,’”’ that should be of value to many students of wild mammals. Ar 
elucidation of the General Adaptation Syndrome is given here with references to the 
original sources. This whole concept may have great significance to students of animal 
fluctuations, as has been pointed out in recent years. Here is a convenient, lucid review 
of the concept and some of its implications 

Ashbrook, Frank G. Furs, GLAmMorovus AND Practican. D. Van Nostrand Co., Ine 
New York. xiv + 88 pp.; photos. 1954. Price, $2.95 


This informative book takes the reader through the mysteries of the fur trade and fur 
manufacturing processes. Statistical data on the world fur trade are given that emphasize 
the importance of the United States as a producer, importer, and consumer of raw furs 

The details of the processing of various kinds of pelts will be interesting and revealing 
to many. Numerous photographs illustrate many of the actual operations that take place. 


Facts on individual fur types are presented. The emphasis given Chinchillas is somewhat 
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misleading in view of the current status of this phase of the fur industry, where breeders 
are sold for fantastic prices and few pelts ever reach the market. 

A consumer’s guide to furs in the form of an extensive table is a very useful part of 
the book. Certainly all students of mammals should be familiar with the facts presented 
in this book as representing one utilitarian aspect of the science of Mammalogy. 


Chandler, Asa C. Inrropuction to ParasiroLoay. Ed. 9. John Wiley & Sons, New 




















Yo 799 pp.; 257 figs. 1955. Price $8.50 
The ninth edition of this standard textbook on Parasitology has been extensively revised 
1 brought up to date. Approximately half the figures have been redone 
While the emphasis is still on the parasites of man there is much information on those 
other animals. Fully revised are the sections on resistance and immunity, leptospirosis, 
mebas, hemoflagellates, schistosomes, insecticides and repellents, and trypanosomiasis 
The sections on malaria, syphilis, and Toxoplasma have been brought up to date. There is 
new information on onchocerciasis, fil: f nd many more 
It is hoped that this new edition will serve to stimulate additional interest in the parasites 
1 vectors of diseases in wildlife 
Colbert, Edwin H. Evo.tuTion or THE VERTEBRATES. John Wiley and Sons, New York 
xiii + 479 pp.; 122 figs. 1955. Price (trade ed.), $8.95 
This new textbook of vert: hn r 3 written for the introductory level or 
the general reader. In smooth] I text the author sketches i old outline the 
story of vertebrate evoluti s seen from the record. The numerous figures illustrate 
rr pn relationship ke tal structures laptive radiations, ete Chapter headings are 
trated with blac] nal white akatehen of ¢ il restorations in probable habitat scenes 
Others are scattered among the numbered figures. These enliven the text and give the 
casual reader and introductory student something to visualize other than dry bones 
The book contair classification of the chordates, an annotated list of references, 
generic inde . idit 1 su 
I ition of the Vertebrat rtain t 1 a place in the education of young 


( 19 r l pp 15 154 | J I 1955 
CAN M RICE M. Var I f rat h tats and harvests. Amer. Mid 
Nat Notre D ‘ 1. 53 n. 61-70. illus. Januar 1955 
\NDERS Jous. A ‘ Danis! 1 opulation (Capre apreolus (I 
Danish Rev. Game B 1. 2, pt. 2, pp. 126-155. 1953 





Healthy bats suspected as 1 é rriers. Public Health Repts., U. 8. Public 
Health Service. Washington. vol. 70, no. 2. pp 165-167. February, 1955 
Anonymous. Pilot or pothead whales outside Newfoundland. Norsk Hvalfangst-Tidende 
n Whaling Gazette), vol. 44, no. 2, pp. 81-83. February, 1955. (In Nor 
7oNyMous. Wounded whale attacks catching boat. Norsk Hvalfangst-Tidende (Norwe 
1955. (In Norwegian 





gian Whaling Gazette), vol. 44, no. 3, pp 


nd English 
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ARAMBOURG, CAMILLE, AND Rosert Horrstettrer. Découverte, en Afrique du Nord, de 
restes humains du Paléolithique inférieur. Comptes Rendus Acad. Sci., Paris, 
vol. 239, no. 1, pp. 72-74. July, 1954. 

ARAMBOURG, CAMILLE. L’Hominien fossile de Ternifine (Algerie Comptes Rendus Acad 
Sci., Paris, vol. 239, no. 15, pp. 893-895. October, 1954. 

ARNOLD, Davin A. Michigan’s little lions. Michigan Conserv., Lansing, vol. 24 
7-8. January, 1955. (Bobcats 

Asu, C. E. Comparing the fatness of whales. Norsk Hvalfangst-Tidende (Norwegian Whal 
ing Gazette), Sandefjord, vol. 44, no. 1, pp. 20-24. January, 1955 

Barnett, 8. A. Competition among wild rats. Nature, London, vol. 175, no. 4446, pp. 126 

127. January 15, 1955 
BARTHOLOMEW, GeEorGE A. The northern elephant seal. Zoonooz, San Diego Zool. So 


vol. 28, no. 1, pp. 6-9, illus. 1955 


, no. 1, pp 





BenTLeyY, P. J. Some aspects of the water metabolism of an Australian marsupial Setony> 
brachyurus. Jour. Physiol., Cambridge, England, vol. 127, no. 1, pp. 1-10 
January, 1955 

BocHENEK, STEFANIA. Remains of the European bison, Bison bonasus (L.), from Podhale 
in Poland. Acta Theriologica, Inst. Zool. Polska Akad. Nauk, Warsaw, vol. 1, 
no. 2, pp. 15-25. January 20, 1955. (In Polish, with Russian and English sum 
maries 

BopENHEIMER, F. 8. Problems of physiology and ecology of desert animals. Jn Biology of 
deserts, edited by J. L. Cloudsley-Thompson, Inst. of Biology, London, pp. 162 
167. 1954 

BranvER, T. Om bisamr&ttan ur jaktvAards-synpunkt. On muskrat from the point of view 
of game management. Suomen Riista, Helsinki, no. 5, pp. 84-142, illus. 1951. (In 
Finnish, with English summary.) 

Brooks, Maurice. An isolated population of the Virginia varying hare. Jour. Wildlife 
Management, Ithaca, vol. 19, no. 1, pp. 54-61. January, 1955 

BupkKeEr, Pau. La chasse au “petit rorqual.’’ Naturalia, Paris, no. 18, pp. 35-38. March 
1955. (Balaenoptera acutorostrata 

BuuuiEeR, Pau. Le transport des animaux sauvages. Naturalia, Paris, no. 18, pp. 7-12, 
illus. March, 1955 

CAMMANN, Scuvuy.er. Notes on ivory in Hawaii. Jour. Polynesian Soc., Wellington 
63, no. 2, pp. 133-140, 1 pl. September, 1954. (Walrus 

CHAPMAN, JOHN A., JoHN I. Romer, anv Joun Starx. Ladybird beetles and army cutworn 


adults as food for grizzly bears in Montana. Ecology, Durham, vol. 36, no 
pp. 156-158. January, 1955 

CHITTLEBOROUGH, R. G. Aspects of reproduction in the male humback whale, Megaplé 
nodosa (Bonnaterre). Australian Jour. Marine & Freshwater Research, vol. 6 
no. 1, pp. 1-29. February, 1955 

CiarkK, W. E. Le Gros. History of the primates: an introduction to the study of fossil mar 
British Museum (Natural History), London, ed. 4, 119 pp. 1954 

CoLBERT, Epwin H. Evolution of the vertebrates: the history of the backboned anin 
through time. John Wiley & Sons, New York, 479 pp., illus. February, 1955 

Cowan, I. McT., anp A. J. Woop. The normal temperature of the Columbian black-tailed 
deer. Jour. Wildlife Management, Ithaca, vol. 19, no. 1, pn. 154-155. Januar 
1955 

Da.LQuest, WALTER W. Natural history of the vampire bats of eastern Mexico. Amer. Mid 
land Nat., Notre Dame, vol. 53, no. 1, pp. 79-87 January, 1955 

Danirneton, C. D., ANp ASHRAFUL Haque. Chromosomes of monkevs and men. Natur: 
London, vol. 175, no. 4444, p 32. January 1, 1955 


Davis, Davin E. Ecological bases of orientation. Proceedings of a Conference on Orient 
tion in Animals, Office of Naval Research, Washington, pp. 183-192. 1954 

Dawe, A. R., anp P. R. Morrison. Characteristics of the hibernating heart. Amer. Hea: 
Jour., St. Louis, vol. 49, no. 3, pp. 367-384. March, 1955 
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DENNLER DE LA Tour, G. The vicuna. Nature, London, vol. 175, no. 4451, pp. 332-333, 
February 19, 1955. (Mating season, food, distribution. and estimate of present 


numbers 





Doran, Davin J. A catalogue of the Protozoa and Helmi North Ameri Rodents 
III. Nematoda. Amer. Midland Nat., Notre ol. 53. 1 1. pp. 162-175 
Jauary, 1955 

Dorst, J. Décisions de Nomenclature au Congrés int. de Zoologie dé Copenhague. Mam 
malia, Paris, vol. 18, no. 2, pp. 219-220. June, 1954 
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Wissensch. Zeitsch. Martin-Luther-Universitait Halle-Wittenberg, vol. 4 
no. 1, pp. 169-172. Noveml l 

Ecxe, Dean H. Analysis of populations of the roof rat in southwest Georgia. Public Healt} 
Monographs, U.S. Public Health Service, no. 27, pp. 1-20, illus. 1955 
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EpINGER, TrLLy. Hearing and smell in cetacean history. Monatsschr. Psvchiat. & Neurol 
Basle, vol. 129, nos. 1-3, pp. 37-58, illus. 1955 

Evuiis, Lesui& L., Jr. A survey of the ectoparasites of certain mammals in Oklahoma. Ecol 
ogy, Durham, vol. 36, no. 1, pp. 12-18, illus. January, 1955 

EssaPIAN, Frank 8S. A common dolphir incommonly marked. Everglades Nat. Hist 
vol. 2, no. 4, p. 1, pl. December, 1954 

Eve.eTa, D. F., ann F. M. Bourn. Parasitic gastritis of elk. Jour. Wildlife Management 
Ithaca, vol. 19, r .. p 152. Janu ry 1955 


Ewer, R. F. Ths fossil carnivores of the Transva aves. The Hyaenidae, other than Lycy 





aena, of Swartkrans and S ein. Proc. Zool. Soc. London, vol. 124, pt. 4, 
pp 815-837, figs. 10, pls rary 22. 1955 New: Lycyaena forfex, Hyaena 
brunnea dispar, Crocuta ve ( cule ta angell 

Ewer, R. F. The fossil carnivores of | caves. The Lycyaenas of Sterkfontein 


together with some general considerations of the Transvaal] 





and Swartkr: 
fossil hyaeni 





1ids. Proc. Zool. Soc. London, vol. 124, pt. 4, pp. 839-857, pl. 1. Febru 
ary 22. 1955. (New: Lycyaena nitidula 

FicHTER, Epson, GeorGr ScuHILpMAN, AND J. Henry Satuer. Some feeding patterns of 
coyotes in Nebraska. |} cological Monographs, Du 
January, 1955 

FisHer, H. D., ann D. E. Sarceant. A record of the white whale in the Bay of Fund) 

FONTAINE, M. Le réveil des hibernants. Natur ] Paris, no. 18, pp. 29-34, illus. March, 
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ForEMAN, C. W. A compar e stud the oxvgen dissociation of mamr ian hemoglobir 
Jour. Cell. & Comp. Physi Philadelphia, vol. 44, no. 3, pp. 421-429. December 
1954 

Fraser, F. C. The southern right whale dolphin, Lissodelphis peroni (Lacépade Bull 
British Mus. (Nat. Hist.), London, vol. 2, no. 11, pp. 339-346, pl. 12. January 
1955 

FRECHKOP, SERGE. Note ir les manniféres XI Le port de la téte et la forme du crAne 
chez les singes. B nst. R Ss N Bel e, vol. 30, no. 12, pp. 11. April 
1954 

FRECHK( SERGE. Note es mammiféres. XLI La mue de l’hermins e dessin du 
pelage chez les 1 1¢ Bul Ins R Si Nat selcvique ol. 30 12 
pp. 14. September. 1954 

FRIANT, MADELEI \ prop 1 éré 1 rnivore rctoides et Potame 
therium fossile, en particulier. Comptes Rendus Acad. Sci., Paris, vol. 239, no. 1 


pp. 104-105. July 5, 1954 
FRrIANT, M. Le cerveau du baleinopttre (Balaenoptera sp Acta Anatomica, Basel. vol 
23, no. 3, pp. 243-250. 1955 


Fries, Cart, Jr., CLaupe W. Hispsparp, anp Davip H. Dunxue. Early Cenozoic verte 
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brates in the red conglomerate at Guanajuato, Mexico. Smithsonian Misc. Coils., 
vol. 123, no. 7, pp. 1-25, illus. February 17, 1955. (New: Floresomys, F. guanajua 
foens7s 

FriLey, CHARLES E., Jr. Criteria for estimating fall fox squirrel populations. Jour. Wildlife 
Management, Ithaca, vol. 19, no. 1, pp. 89-93, illus. January, 1955. 

Fustwara, E. A record of Rattus n. otomoi from Mt. Myéko in Hokuriku. Trans. Mamm. Soc 


54 


Japan, no. 8, pp. 67-68. February, 1 In Japanese, with English summary 

FousrwarRa, Ersr. On the reaction of Mogera woqura woqura to metalic materials in the under 

ife. Trans. Mamm. Soc. Japan, no. 9, pp. 78-79, illus. April, 1954. (In 
Japanese, with English summar 

Grass, R. H. The functional anatomy of the penis of the shrew. Anat. Record, Philadelphia 


vol. 121, no. 2, pp. 298-299. February, 1955. (Abstract 





Grit, Epmunp D. The problem of extinction, with special reference to Australian marsu 
vol. 9, no. 1, pp 87-92. March, 1955 


GruMorE, Raymonp M. The return of the gray whale. Scientific American, New York, vol 


pials Evolution, Lancaster 


’ 


192, no. 1, pp. 62-67, illus. January, 1955 

Guass, Bryan P. Variation in the lower incisors of the Mexican freetail bat, 7 adarida mex 
cana (Saussure). Proc. Oklahoma Acad. Sci., vol. 34 (for 1953 , Pp 73-74. January 
1955 

GoeTHE, Friepricu. Die Siugetiere des Teutoburger Waldes und des Lipperlandes. A 
hand]. Landesmus. Naturkunde, Miinster in Westfalen, vol. 17, nos. 1-2, pp. 195 
illus. 1955 

GonzaA.eEz, I. E. Comparative histological study of the adrenal gland in native rabbits 
Anat. Record, Philadelphia, vol. 121, no. 2, pp. 397-398. February, 1955. (Ab 
atract 

Goopwin, GreorcE G. Three new cotton rats from Tehuantepec, Mexico. Amer. Mus. Ni 
vitates, New York, no. 1705, pp. 5. February 4, 1955. (New: Sigmondon planifron 
my 8. macdougalli. S. macrodon 

GRIFFIN, DONALD. Problems concerning acoustic orientation in bats. Proceedings of a Con 
ference on Orientation in Animals, Office of Naval Research, Washington, pp 
139-148. 1954 

Guiavuet, C. J. A record of Baird’s dolphin (Delphinus bairdii Dall) in British Columbi 


Canadian Field-Nat., vol. 68, no. 3, p. 13 


| ] 6. July-Septem ver, 1954 

Hamiuton, W. J., Jr. Muskrat, life and economy. New York Conservationist, vol. 7, no. 4 
pp. 12-13, illus. February-March, 1953 

Hamiiton, W. J., Jr., anp W. J. Hamitton, III. The food of some small mammals from the 





Gaspe Peninsula, P. Q. Canadian Field-Nat., vol. 68, no. 3, pp. 108-109. Jul 
September, 1954 

HamittTon, W.J., Jr., A Arntuur H. Cook. The biolog nd management of the fisher i 
New York. New York Fish & Game Jour., vol. 2 1, pp. 13-35, map. Janu 
1955 

Heim pe Bausac, Henri. Caract ques mi 
mammifere lar Sud Sci., Paris 
vi 240, no. 2, pp. 238 

Heintz, A. The mammoth teeth from Norway. } Tidsskrift, vol. 34, pp. 73-104, 
illus. 1955 

Hipparp, Ciaupe W. Pleistocene vertegrates from the upper Becerra (Becerra Superior 


formation, valley of Tequixquiac, Mexico, with notes on other Pleistocene forms 
Contrib. Mus. Paleontol. Univ. Michigan, vol. 12, no. 5, pp. 47-96, 9 pls. Febri 
ary 18, 1955. (New: Hesperohippus, Equus (Hesperohippus) mezxicanus 
Hi, J. P., anp W. C. Osman Hitt. The growth st 
Das fut 
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young. Trans. Zool. Soc. London, vol. 28, pt. 5, pp. 349-452, pls. 13. March, 1955 
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Hiui., K. J. Continuous gastric secretion in the ruminant. Quart. Jour. Exper. Physiol 
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Edinburgh and London, vol. 40, no. 1, pp. 32-39. January, 1955 
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Hooper, Emmet T. Notes on mammals of western Mexico. Occas. Papers Mus. Zool. Univ 
Michigan, Ann Arbor, no. 565, pp. 1-26. March 31, 1955. (New: Reithrodontomys 


r 
mezicanus Tripar is, Peron YVSCUS DE rful hrysopus, Vicrotus merxrican Ss neverias 
Hosono, A. A record of Japanese dormouse (Glirul apon from Mt. Jénen, Japan 
Alps. Trans. Mamm. Soc. Japan, no. 8, p. 68. February, 1954. (In Japanese, with 


English summary 


Hovuau, JEAN An Upper Eocene fauna from the Sage Creek are Beaverhead Count’ 
I , 


Montana. Jour. Paleontol., vol. 29, no. 1, pp. 22-36, pls. 7-8. January, 1955. (New 
Desmatotherium kayi, Schizothe des, S. pa 

[MAIzZUMI, YOSHINORI. Notes on Sorex hawkeri tscherskii Ognev from South Sakhalin. Tran 
Mamm. Soc. Japan, no. 9, pp. 73-75, illus. April, 1954. (In Japanese, with Englis} 


summary 





ImAIzUMI, YOSHINORI. New species and subspecies of Sorex from Japan (Mammalia: Insec 
tivora) Bull. Nat. Sci. Mus. Tokvo, n vol. 1, no. 2, (no. 35), pp. 94-102, illus 
September, 1954. (New: Sorec h S./ hiroumar S. choue 

JACZEWSKI, ZBIGNIEW, AND KrzyszToOF SWIERZYNSKI. Narkoza zuba (Bison bona J 
wodnikiem chloralu (Chloralum hydratun Anaesthesia in the European biso1 
Bison bonas I by chloralhydrate (Chloralum hydratun , Poloniac 
Arch. Soc. Zool. Poloniae, Wroclaw, v« 6, fasc. 2, pp. 80-87. 1955 

Jounson, T. N. The superior and inferior colliculi of the mole (Scalopu laticu hri 
nus Jour. Comp. N rol.. Phi lelol vol. 101. or DI 65-200 T) mber 
1954 

KELLAS. L. M. Obser tio he luet itie ry . rats 
of the dikd Rhynel l } Neun P Z S I lor 
\ 124, pt. 4, pp. 751-784, il February 22, 1955 

Kerr, N. 8. The homologie 1 nor : the thig] he ossum, cat 
ra t and rhesus n A Re 1. PI lelpl 121.1 3 opp. 48] 


English summar 

KISHID K YUKICH Notes on the tochthor nd endemicit e Japanes« 
macaque with a description of its present haur n Japa yf earing upon 
human life. Ornith« & Mamn Rept., Forest Age Mini Agr. & For 
estry, Tokyo, no. 14, pp. 1-92, illus. July, 1953. (In Japanese and Englisl 

Kitt Rour. Beitrage ir topographische At mie der Kérperhéhlen bei Cricetus 
cricetus L. Wissensch. Zeitschr. Mart Lutl l é t Halle-Wittenberg 
vi | pp. 203-224, illus. November 15, 1954 


KLEMMER, KoNRA Fledermiéuse und ihre Wanderungen im Rhein-Main-Gebiet. Natur 


und Volk, vol. 84, nos. 1-2, pp. 413-421, illus. 1954 
Kroc, H., M. Monson, Anp L. Irvina. Influence of cold upon the metabolism and body 
temperature of wild rats, ilbino rats and ipino I conditioned to cold. Jour 
Applied Physiol., Washington, vol. 7, no. 4, pp. 349-354. January, 1955 
Kuropa, NAGAnisa. On the affinity of Dall’s and True’s porpoises. Mis« tepts. Yama 


shina’s Inst. Ornithol. & Zool., Tokyo, no. 5, pp. 44-46 (222-224), illus. December 
1954. (In Japanese, with English summary 

Kuropa, Nacamicnr. A record of Rattus r. alerandrinus from the Marcus Island. Trans 
Mamm. Soc. Japan, no. 8, pp. 65-66. February, 1954. (In Japanese, with English 
summary 

Kuropa, NaGamicut. The present status of the introduced mammals Japan. Jour 
Mamm. Soc. Japan, vol. 1, no. 2, pp. 13-18. February, 1955 

LABARRE, Weston. The human animal. Univ. Chicago Press, p. xv + 372, illus. 1954. 

LEAKEY, L. 8S. B., anp W. E. Le Gros Criark. British-Kenya Miocene expeditions. Nature 


London, vol. 175, no. 4449, p. 234. February 5, 1955 





Linn, Ian. Some Norwegian small mammal fauna study based on trappings in west and 
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+ 


north Norway. Oikos, Acta Oecologica Scandinavica, Copenhagen, vol. 5, fase 
1, pp. 1-24. 1954. 

LLANos, Aucusto C., AND JorGce A. Crespo. Ecologia de la vizeacha (‘‘Lagostomus maximus 
mazimus’’ Blainv.) en el nordeste de la Provincia de Entre Rios. Rev. Investig. 
Agricolas, Instituto Sanidad Vegetal, Buenos Aires, vol. 6, nos. 3-4, pp. 289-378, 
pls. 1-9. 1952 

Mar.ow, B. J. G. Observations on the Herero musk shrew, Crocidura flavescens herero St 
Leger, in captivity. Proc. Zool. Soc. London, vol. 124, pt. 4, pp. 803-808. February 
22, 1955. 

Marsu, Frank. Reactions to great environmental heat in animals. In Biology of deserts, 
edited by J. L. Cloudsley-Thompson, Inst. of Biology, London, pp. 188-192. 
1954. 

McDoweE .., Ropert D. Restocking with ‘“‘native” cottontails. Jour. Wildlife Management, 
Ithaca, vol. 19, no. 1, pp. 61-65. January, 1955. 

McKerrow, Murie. J. The lactation cycle of Elephantulus myurus jamesoni (Chubb) 
Philos. Trans. Royal Soc. London, vol. 238, no. 653, pp. 62-98. December, 1954 

Me1nertz, Tuypsen. The superficial facialis musculature of the Greenland musk-ox, 
Ovibos moschatus. Meddelelser om Grgnland, vol. 107, no. 5, pp. 60. 1954. 

MERRIFIELD, GeorGeE C. Occurrence of a mountain lion in Oklahoma. Proc. Oklahoma Acad 
Sci., vol. 34 (for 1953) p. 75. January, 1955 

Miter, Gerarit §., Jr., AND Remineton Kex.xoaa. List of North American Recent mam 
mals. U. 8. Nat. Mus. Bull. 205, pp. xii + 954. March 3, 1955. 

Miuus, H. D. The pattern on bone fusion in the equine metacarpus and metatarsus. Proc 
Zool. London, vol. 124, pt. 4, pp. 809-813, illus. February 22, 1955. 

Monr, Erna. Cervus canadensis bactrianus Lydekker 1900 und der ‘‘Hagenbecks-Hirsch”’ 
im Stellinger Tierpark. Zool. Garten, Leipzig, vol. 21, nos. 1-2, pp. 44-58, illus 
March, 1955 

MorciLtevskaya, I. E. Morfologicheskoe opisanie chetirekh populyatsii lesnoi mishi 
gruzii. Trudi Inst. Zool. Akad. Nauk Gruzinskoi SSR, vol. 13, pp. 71-79. 1954 

Silvimus 

Morr., Marta. Dorcatherium im Unterplioziin der Steiermark. Mitt. Mus. Bergbau, Geol 
Tech. Landemus., ‘‘Joanneum,’’ Graz, Heft 13, pp. 72-75, illus. 1954 

Mort., Marra. Hipparion-Funde der Steiermark. Mitt. Mus. Bergbau, Geol. Tech. Lande 
mus., ‘“‘Joanneum,’’ Graz, Heft 13, pp. 43-71, illus. 1954. 

Munro, J. A. Additional observations of birds and mammals in the Vanderhoof region, 
British Columbia. Amer. Midland Nat., Notre Dame, vol. 53, no. 1, pp. 56-60 
January, 1955 

Myers, K., 1. D. MarsHaui, AND FRANK FENNER. Studies in the epidemiology of infectious 
myxomatosis of rabbits. III. Observations on two succeeding epizootics in 
Australian wild rabbits on the Riverine Plain of south-eastern Australia 1951 
1953. Jour. Hygiene, vol. 52, no. 3, pp. 337-360, pls. 12-13. September, 1954. 

Ness, A. R. The mechanoreceptors of the rabbit mandibular incisor. Jour. Physiol., Cam 
bridge, England, vol. 126, no. 3, pp. 475-493. December, 1954 

Ouin, GEorGE. Animals of the southwest deserts. Pop. Ser. Southwest Monuments Assoc., 
no. 8, pp. 112. 1954 

Or.ov, Iv. A. Peruniinae, new subfamily of marten from the Eurasian Neocene. Trudy 
Paleont. Inst. Akad. Nauk SSSR, vol 10, no. 3, pp l 56, illus. 1947. (New: 
Perunium, P. ursogulo.) 

PETERSON, Ranpouru L. North American Moose. Univ. Toronto Press, pp. xii + 280, illus. 
1955 


Perrer, Francis. L’hybridation chez les mammiféres. Naturalia, Paris, no. 18, 17-20, 
illus. March, 1955. 

PrrniE, Mites D. Rat and mouse control. Michigan State Coll., Cooperative Extension 
Service, Extension Folder F-183, 6 pp. February, 1955. 
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Nov., 1955 RECENT LITERATURE 585 


PiTeLKA, Frank A., QueNTIN TomicH, AND GEorGE W. TREICHEL. Ecological relations of 
jaegers and owls as lemming predators near Barrow, Alaska. Ecol. Monographs, 
Durham, vol. 25, no. 1, pp. 85-117. January, 1955. 

Quick, Horace F. Small mammal populations in northern British Columbia. Canadian 
Field-Nat., vol. 68, no. 3, pp. 95-102. July-September, 1954. 

tAND, R. W. Reproduction in the female Cape fur seal, Arctocephalus pusillus (Schreber). 
Proc. Zool. Soc. London, vol. 124, pt. 4, pp. 717-740, illus. February 22, 1955. 

RANKIN, JEssIE J. A rare whale in tropical seas. Everglades Nat. Hist., Coral Gables, vol. 
3 

t1cE, Dae W. A new race of Myotis austroriparius from the upper Mississippi valley. Jour. 
Florida Acad. Sci., vol. 18, no. 1, pp. 67-68. March, 1955. (New: M. a. mumfordi) 

RicutTerR, WiLMEr C. A technique for night identification of animals. Jour. Wildlife Manage- 
ment, Ithaca, vol. 19, no. 1, pp. 159-160, illus. January, 1955. 

t1INEY, THANE. New Zealand wildlife problems and status of wildlife research. New Zealand 
Sci. Rev., Wellington, vol. 10, no. 3, pp. 26-32. 1952. 

RineEy, THANE. Antler growth and shedding in a captive group of fallow deer (Dama dama) 
in New Zealand. Trans. Royal Soc. New Zealand 
September, 1954 


, no. 1, pp. 25-31, illus. March, 1955. (Mesoplodon europaeus) 


, vol. 82, pt. 2, pp. 569-578, illus 


trnEY, THANE. Identification of big game animals in New Zealand. Dominion Mus. Hand 
book, Wellington, no. 4, pp. 26, illus. February, 1955. 

Ringey, THANE. Evaluating condition of free-ranging red deer (Cervus elaphus), with special 
reference to New Zealand. New Zealand Jour. Sci. & Technol., sec. B, vol. 36, 
no. 5, pp. 429-463. March, 1955 

ROBINETTE, W. LEesii£, AND Jay S. GASHWILER. Fertility of mule deer in Utah. Jour. Wild- 
life Management, Ithaca, vol. 19, no. 1, pp. 115-136, illus. January, 1955. 

RoMANKowowa, ANNA. Budowa anatomiczna reki myszy jako organiu chivytnego. (On 
the morphology of the hand of the mouse as a grasping organ.) Zool. Poloniae, 
Arch. Soc. Zool. Poloniae, Wroclaw, vol. 6, fase. 2, pp. 71-79. 1955 

Rupp, Rosert L. Population variation and hybridization in some Californian shrews 
Systematic Zooi. Washington, vol. 4, no. 1, pp. 21-34. March, 1955. 

Ruvup, Jonan T., Ropert CLARKE, AND Ace Jonscirp. Whale marking trials at Steins 
hamn, Norway. Norsk Hvalfangst-Tidende, (Norwegian Whaling Gazette), 
Sandefjord, vol. 42, no 5, pp 429-441. August, 1953. 

ScumipT-NIELSEN, Boni. Water conservation in small desert rodents. Jn Biology of des 
erts, edited by J. L. Cloudsley Thompson, Inst. of Biology, London, pp 173-181 
1954 

Scumipt-Nre.sen, B., K. Scumrpt-Nre.sen, 8. A. JARNuM, AND T. R. Houpr. Dehydration 
and rehydration in the camel. Federation Proceedings, Washington, vol. 14, no 
1, pt. 1, p. 1382. March, 1955 

Scumipt-NrELsEN, Knut. Heat regulation in small and large desert mammals. Jn Biology 
of deserts, edited by J. L. Cloudsley-Thompson, Inst. of Biology, London, pp. 
182-187. 1954 

Scumipt-Nrevsen, K., B. Scumipr-Nre.vsen, T. R. Houpt, anv 8. A. JAaRNum. Body tem 
perature of the camel. Federation Proceedings, Washington, vol. 14, no. 1, pt 
l, p 133. M irch, 1955 

ScHNEIDER, Kart Max. Vom Baumkinguruh (Dendrolagus leucogenys Matschie). Zool 
Garten, Leipzig, vol. 21, nos. 1-2, pp. 63-106, illus. March, 1955 

ScHNnerrRiA, T. C. Psychological problems in the orientation of mammals. Proceedings of a 
Conference on Orientation in Animals, Office of Naval Research, Washington, 
pp. 193-207. 1954 

ScHOLANDER, P. F. Evolution of climatic adaptation in homeotherms. Evolution, Lancaster, 
vol. 9, no. 1, pp. 15-26, illus. March, 1955 

Scuusert, K. Walfang und Walbestand. Fette Seifen Anstrichmittel, Hamburg, vol. 56, 
no. 7, pp. 568-573, illus. 1954. 
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Scorr, M. G. Blood supply of mystacial vibrissae. Nature, London, vol. 175, no. 4452, pp 
395-396. February 26, 1955. (Cat and rat.) 

Scorr, Tuomas G., AND WiLuarp D. Kurmstra. Red foxes and a declining prey population 
Monograph Ser. Southern Illinois Univ., Carbondale, no. 1, pp. 123. 1955. 

Senrtrex, Muzarrer SijiteyrMan. A study of the pulp cavities and roots of the lower pre 
molars and molars of Prosimii, Ceboidea and Cercopithecoidea. Belleten, An 
kara, vol. 17, no. 67, pp. 321-365, pls. July, 1953. 

SeraFinsk1, WLopzim1eRz. The senescence of the brown rat (Rattus norvegicus Berk.) in the 
light of craniometry. Acta Theriologica, Inst. Zool. Polska Akad. Nauk, Warsaw, 
vol. 1, no. 1, pp. 1-14. January 20, 1955. (In Polish, with Russian and English 
summaries 

SHEtpon, WiiuraM H. Atlas of men. Harper & Bros., New York, pp. xvi + 357, illus. 1954 

SuerMAN, H. B. The occurrence of bison in Florida. Quart. Jour. Florida Acad. Sci., vol. 17 
no. 4, pp. 228-232. December, 1954 

Surpiovski, M. V. K sistematike i raspro-straneniyu polchka Glis glis L. v gruzii. (Sys 
tematics and distribution of dormouse Glis glis L.) Trudi Inst. Zool. Akad. Naul 
Gruzinoskoi SSR, vol. 13, pp. 47-61. 1954 

Surp.tovski, M. V. Semeistvo peschanok v rodentofaune gruzzi (Rodentia, Gerbillida 
Trudi Inst. Zool. Akad. Nauk Gruzinskoi SSR, vol. 13, pp. 63-69. 1954 

SHOTWELL, J. ARNOLD. Review of the Pliocene beaver Dipoides. Jour. Paleontol., vol. 29 
no. 1, pp. 129-144, illus. January, 1955. (New Dipoides smithi 

Srece.L, J. H. Cytochemical and histophysiolegical observations on the basophils of the 

Jour. Morphol., Phil 


anterior pituitary of the bat Myotis lucifugus lucifugu 
adelphia, vol. 96, no. 2, pp. 223-264. March, 1955 

SrtuMANn, Leonarp R. The genesis of man. Evolution, Lancaster, vol. 9, no. 1, pp. 94-99 
March, 1955 


SIvERTSEN, Ertina. A new species of sea lion, Zalophus wollebaeki, from the Galapago 





Islands. Kongel. Norske Videnskab. Selskabs Forhandl., vol. 26, no. 1, pp. 1 
illus. 1953 


Siurtrer, J. W. Sexual maturity in bats of the genus Myotis. Il. Females of M. myst 


ystacir 

and supplementary data on female M. myot ind M. emarginatus. Proc. Kon 
Nederlandse Akad. Weten., Amsterdam, ser. C ol. 57, no. 5, pp. 696-70 
November-December, 1954 


STEINMETZ, H Seitriige zur Geschichte unserer Kenntnisse vom See-Elefanten. Zool 
Garten, Leipzig, vol. 21, nos. 1-2, pp. 24-43, illus. March, 1955 


Srocu, Ze.pa G. The male genital system and reproductive cycle of Elephantulus myur 





jamesoni (Chubb Philos. Tran toval Soc. Londor vol. 238, no. 653, py 
99-126. December, 1954 

Symons, H. W. Do Bryde whales migrate to the Antarctic? Norsk Hvalfangst-Tidend« 
(Norwegian Whaling Gazette Sandefjor 1, vol. 44, no. 2 pp 84-87, illus. Fe 
ruary, 1955. (In Norwegian and English 

Taxkasurma, H. Miscellaneous reports of Pére David’s deer. Trans. Mamm. Soc. Japan, 1 


8, pp 68-69. February, 1954 In J ipanese 





lasurro, Micurya. Pregnancy records of the dsinezumi, Crocidura russula chisat (Thom 
Trans. Mamm. Soc. Japan, no. 9, p. 77. April, 1954. (In Japanese, with Englis] 


summar' 


Trev! LLoy x. Observations on chipmunks and mantled squirrels in northeaster 
California. Amer. Midland Nat., Notre Dame, vol. 53, no. 1, pp. 71-78. January, 
1955 

Tuomas, D. Woops i> Jerome K. Pasto. A theoretical framework for understanding 


management problem. Jour. Wildlife Management, Ithaca, vol. 19 


the d 


no. 1, pp. 143-147, illus. January, 1955 


Trompson, Harry V. The wild European rabbit and possible dangers of its introduction 


into the U. § \. Jour Vildlife Managemer t Ithaca, vol. 19, no. 1, pl 


Januar 1955 
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Tuorp-Gray, I. Tarahumara-English, English-Tarahumara Dictionary, and an intro 
duction to Tarahumara grammar. Univ. Miami Press, Coral Gables, 1170 pp 


1955. (Contains Indian names and legends of western Chihuahuan mammals.) 
TosBiEN, H. Jungtertiire Wirbeltiere vom Héwenegg-Hegau. Umschau, Frankfurt am Main, 
Jahrg. 54, Heft 18, pp. 559-561, illus. September 15, 1954. 


Tsusu, T. On the animal traps of Ainu tribe kept in the Museum of Hokkaido University 





Trans. Mamm. Soc. Japan, no. 8, pp. 70-71, ilh 
Van vER Horst, C. J. Elephantu I 
Philos. Trans. Royal Soc. London, vol. 238, no. 653, pp. 27-61. December, 1954 
Warp, J. W. The d nt of i 
ginia opposum Didelphys virginiana. Jour. Comp. Neurol., Philadelphia, vol 


February, 1954. (In Japanese 





unoestrus, menstruation and abortion 





Ss going 


lopment of the cortico-spinal tract in the pouch young of the Vir- 


Oi, no. 2, pp. 483-494. October, 1954 
Watson, J. 8., anp R H. Taytor. Reingestion in the hare Le Pp europaeus Pal. Science, 
ol. 121, no. 3139, p. 314. February 25, 1955 


Watson, J. S. Breeding season of the wild rabbit in New Zealand. Nature, London, vol 





174, no. 4430, p. 608. September 25, 1954 
WiupE, J. pE, AND P. J. van NrEUWENHOVEN. Waarnemingen betreffende de Winterslaap 


ar Vleermi izen Publ WN »+ Cre ¥ + } p Limburg. v ] 7 pp 51 Q2 1954 
Wimsatt, W. A. On the nature of the interscapular gland of the tropical American fruit 
bat Artibeu naicensis Leach. Anat. Record, Philadelphia, vol. 121, no. 3 





Wricut, Norman C. Domesticated animal habiting desert areas. In Biology of deserts, 
edited by J. L. Cloudsley-Thompson, Inst. of Biology, London, pp. 168-172 
1954 
Yosrpa, T. H., anp S. Maxrno. Breeding experiments of white rats and mice, IV. Misc 
Zepts. Yamashina’s Inst. Ornithol. & Zool., Tokyo, no. 5, pp. 7-15 (185-193 
Decemb« 1954 In Japane . 
ZIM M. L. A stud f lact ip ring | rnati 1 1 exposure 
Ar Recor PI lelpt 12 85. Fek 155. (Abstract 
COMMENTS AND NEWS 
SUPPLEMENT TO CHECKLIS!1 
At the 35th Annual Meeting the Board of Directors approved a program for the publica 
‘on in the Journal of Mammalogy of supplements to the Miller and Kellogg ‘‘List of Nort 
American Recent Mammals.’’ To insure adequate coverage thors of papers of taxonomic 
or geographic import are urged to send reprints (or otherwise call attentior to their work) 
the subcommittee chairman, Richard G. Van Gelder, Museum of Natural History 
University of Kansas, I rence, Kansa 


HIGGINS LAKE, MICHIGAN, FOR 1956 
The Thirty-sixth Annual Meeting of the American Society of Mammalogists will be 
held at Higgins Lake, Michigan, June 16-20, 1956. Many will remember the pleasant and 
' held there in 1947. The meeting will be followed by that of The American 


successful meetings 


] l £ 


Society of Ichthvologists and Herpetol wists, beginning on the 20th 


FISHER ABUNDANCI 
4 Brazier Howell calls attention to increased numbers of fishers Martes pennanti) in 
Maine as reported by Chief Warden Elmer Ingraham He states ‘With the exception 
of one month in 1950, Maine has had a closed season on fishers for about 30 years Word 
is now received that they have spread from the mountainous sections into the lowlands 
of most of the state, and that an open season has been declared for the next two years. 
Until at least next year, no estimate of their numbers is possible, but indications point 


to an unusually large population 
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In view of the recent assessment of the large population of fishers in New York State 


Hamilton and Cook, N. Y. Fish and Game Jour., 2: 13-35, 1955) it is interesting to not« 
the parallel situation in Maine, and to wonder about the status of fisher populations in othe: 
northeastern states having suitable habitat 


CORRECTIONS 
Mr. J. R. Ellerman has called my attention to a factual error in my paper on rodent 
classification (‘‘A Revised Classification of the Rodents’’) in the May issue of the JOUR 
NAL OF MAMMALOGY. He points out that the genera Cardiocranius and Salpingotus 
both referable to the Dipodidae, do not have fused metatarsals nor a cannon bone, so that 
such fusion cannot be a family characteristic of liv ing dipodids 


[ also caught three errata in the printed version of the pape1 


They are: p. 166, line 30—Theridomyidae; line 33—classification; p. 180, 8 lines from 


bottom—OCTODONTIDAE A. E. Woop, Biology Department, Amherst College 17 
herst. Massachusetts 


In the August issue, Jour. Mamm., 36(3 473 and 474. read hemionus for hemion 


wherever it occurs.—Ep 
DEATHS 
Recently reported deaths of members of the Society are as follows (*Charter Member 
*Charles F. Batchelder, Henry B. Chase, Jr., Edward F. Chatelain, Edna M. Fisher, Paul 
B. Johnson, J. E. Keays, James H. MacGregor, and Elizabeth R. Vandegrift. 
DATE OF ISSUE OF PREVIOUS NUMBER 


Journal of Mammalogy, Vol. 36, No. 3 was mailed August 30, 1955 


THIRTY-FIFTH ANNUAL MEETING 
THIRTY-FIFTH ANNUAL MEETING OF THE AMERICAN 
SOCIETY OF MAMMALOGISTS 
JUNE 12-16, 1955 


The thirty-fifth annual meeting of the American Society of Mammalogists was hel 


it the University of Southern C 





alifornia, Los Angeles, California, June 12-16, 1955. Se 
sions were held in Hancock Auditorium 
The local committee on irrangements consisted of: William V. Maver, Chairman, Robert 


M. Chew, Henry E. Childs, George H. Pournelle, Edward T. Roche, and Kenneth E. Stager 


PROGRAM 
SunbDay, JUNE 12 
S:00 Py 


Directors’ Meeting, Town and Gown Residence Hall 


Monpay, JUNE 1 
Registration, Fover, Hancock Auditoriun 


Welcome Earl ¢ Boltor Administratit issistant to the President Universit 


' ta} 
Southern California 


Response William H. Burt, President, Ame an Society of Mammalogists 


1. Some Problems of Applied Small Mammal Sampling in Western North America. Keith 
Murray, California Department of Public Health, Fresno, California 


+ 
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2. Recent Methods and Results of Census of the California Gray Whale. Raymond M 
Gilmore, U.S. Fish and WV ldlife Service La Jolla, California 


Sex Ratios of the Bat Pip strellus s tbfla ws. Wayne H. Davis, [ niversily of Illinois 
Urbana 
4. Comparative Population Dynamics in Two Species of Mi 
Museum of Vertebrate Zoology, Berkeley, California 

5. Dynamic o! Pocket Gopher Populatio1 


Davis, and Henry E. Childs, Jr., ¢ 


rotus. Robert 8S. Hoffman, 


Walter | Howard, University of California. 
ompton College, Compton, California 


12:00 NOON 


Annual Group Photograph, Front Entrance, Hancock Foundation 


rhe Societ co-sponsored thi essk ith the Pacific Section 
pocie Is te ic Zoolog 

6. Observations on a Xeric Race of Ba istutu from the Deserts of Southeastern 
California. Kenneth E. Stager, Lo ingeles County Mus ? L ingeles. Cali 
fornia 

7. Further Remarks on Studies of the Eastern Phe ” Randolph L. Peterson and 
1. B. Foster, Royal Ont Vv Zoolocy and Palaentoloay, Toronto 

8. A Population of the Striped Field Mouse, A podem igrariu antch s, in Central 
Korea. Philip M. Youngman, Ur t f Connect Storr This paper was 
awarded an honorariun 


9. Distribution and Variation of the Montane Me low Mouse VU tus montanus. Svd 
ney Anderson, University of Kansas, La 





0. Defense of the Subspecies Stephen D. Durrar { ¢ Utah. Salt Lake City 
11. A Definition of the Order Pinnipedia. Robert B. Chiasson, Stanford University, Stan 
ford. California 
12. Evidence for the Validity of the Rodent Sub-order Hy omorpl st rt O. Landry 
University of M ri C's ml 
The Status of Dipod itratoide is. Seth B. Benson, M m of Vertebrat 


Zoology, Berkeley, Cal 


7:30 F 
(re toget! i ) k 
(rT | t Lo ige B eme t I yw i ( 


rown Residence Hall 


Entertainment: Film, Walt Dist Living Desert 


14. Response of White Mice to Chronic and Acute Wate: Depri\ ition. Robert M. Chew 
and R: t f 


lph Hinegardner, University of Southern California, Los Angeles 
15. Some Notes on Water Consumption in Pero naniculatus osgoodi. Olwen Wil 


liams, University of Colorado, Bo 
16. A Morphologist’s Plea for Conservation. Kenneth L. Duke, Duke U 
Medicine, Durham, North Carolina 
7. Morphology and Physiology of the ¢ 


f 


7 ersilyu Ne hool o} 


recum 1n Lagomorphs and Rodents. Wilhelm 
Harder, Institut fiir Fischereibiologie der Universitat Hamburg, Ge 


rmany 
18. Preliminary Comparisons of the Adrenals in Some 


Insectivorous Mammals. Robert 
L. Rudd, University of California, Dat 


10:30 AM 


Annual Business Meeting, Election of Officers 
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2:30 PM 
19. Changes in Splenic Weight Associated with Hibernation in Bats. William Z. Lidicker, 
Jr., and Wayne H. Davis, University of Illinois, Urbana 
20. Differential Body Temperatures in the Arctic Ground Squirrel Awakening from Hiber 
nation. William V. Mayer, University of Southern California, Los Angeles | 
William B. Davis, Teras A. and M. College, 


I 


21. New Records of Mammals for Guerrero 
College Station, Texas. 

22. The Tamaulipas-Rio Grande do Sul Transect of the Neotropical Region. Philip Hersh 
kovitz, Chicago Natural History Museum 

3. Mammals of the Thousand Islands Region, New York 
burn College, Carlinville, Illinois 

24. The Natural History of Pikas, with Special Emphasis on Ochotona princeps. J. Harold 


William E. Werner, Jr., Black 


to, California 


Severaid, Sacramento State Colleae , Sacramen 
Film: Natural History of Ochotona princeps mu J. Harold Severaid, Sacramen 


25 


State College, Sacramento. California 
6:30 PM 
Annual Dinner, Carl’s Restaurant, 3760 8. Figueroa Street 
WEDNESDAY, JUNE 15 
9:00 AM 


26. The Travel of the Merriam Chipmunk. Enid A. Larson, Hastings Reservation of Natura 
History. Carmel Valley, California 
97. Molt in the Pocket Gophe r Thomomys bottae 
, 


Howard, Unive ty of California, Da 


i 


G. Victor Morejohn and Walter | 


n Captivity. W. B 


28. Notes on the Biology of the Collared Lemming (D 

Quay, [ niversily of Michigan, Ann Arbo 

29. Relation of Coloration of Mammals to Low Temperature. Arthur Svihla, U7 
of Wash ngton, Seattle 

30. Winter Pelage in Lepus american along the 
Academy of Sciences, San Francisco 


Reproduction of the Opossum in New Yor W. J. Hamilton, Jr., Cornel 
Ithaca, New Y« 


Pacific Coast. Robert T. Orr, Califo 


32. The Utilization of Aspen at a Beaver Colony in the Sierra Nevada. Joseph G. Hall 


Museum of Vertebrate Zoology, Berkeley, Califor 


33. Observations on the Bioclimate of Some Taiga Mammals. William O. Pruitt, Jr., Arel 


{eromedical Laboratory, Fairban! ila 
34. Food Habits of the Hog-nosed Skunk in Texas. Walter P. Taylor, Claremont Graduate 
School, Claremont Califorr 
35. Territorialism in Certain Deer and its Possible Significance. William Graf, San José 
State Colle age. San Jose. ¢ aliforn 
36. Observations on the Ecology and Comparative Behavior of Two Desert Peromyscus 
Norman B. McCulloch, Los Angeles, Califor 
Introduced Mammals and their Influence on Native Biota. Antoon de Vos 
Agricultural College Guelph, Richard H. Manville Vichigan State University, 
East Lansin ] and Rich ird G Van Gelder, Unive silty of Kansas, Lawrence 
ephant Seal Visits Monterey County, California. Jack C. von 


Ontar 





38. A Young Northern E 
Bloeker. Jr.. Lo ingeles City College, Los Angeles. California 
is. George A. Bartholomew 


brach y 


39 Temperature Regulation in the Wallaby , Setoniz 


Universit 4 of California, Los Angeles 
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7:30 pm 


Film Preview, ‘‘The African Lion,’’ Walt Disney Studios, 2400 West Alameda Avenue, 
3urbank, California 
THURSDAY, JUNE 16 
8:00 AM 
San Diego Zoo Field Trip 
12:00 noo» 


California Desert Field Tri 


DIRECTORS’ MEETING 


rhe meeting of the Board of Directors was called to order by President William H 
Burt. Reports of the Treasurer, Auditing Committee, Trustees, and Editorial Committee 
ere read and accepted 
lhe following budge horizec 955 
Journal of Mammalogy and Editor $9,800.00 
} xpense of the Tr ure 150.00 
Expenses of the Corresponding Secreta 150.00 
Expenses of the Membership ¢ 50.00 
Contingent Fund 250 .00 
Zoologiec Record Fur 100.00 
Inde Committee 10.00 
Honoraria for Young Mam: , 200.00 
lo $11.310.00 
The 4 Ne 1 ffili th the 
r n I fB gical Sciences. N however. Afte liscussion 
inc? g I ting the J M g decided that the Presi 
ppol committee having the Journal 
ters pu iehe 
I xy a repo Pr le I C.C.8 ( yt be able, be yf 
cart yn in tl r t r ¢ D. D ) s elected | tee for 
he 1956-58 terr VW Re | ! Chair ) I Editorial 
{ y 
I P if pr nte ggesti I ( \ Gelder that a committee be ap 
" prepare rren ippleme! o th vy edition of the ‘‘List of Land 
M f North Am«e to be publisl he J of Mammalogy. The Directors 
ipproved this suggestion and proposed that Mr. Van Gelder be appointed to one of the 
ting comn itt ( it this plar 
ANNUAL BUSINESS MEETING 
Che first session of the annual business meeting was called to order with 80 members 
present. Reports of the Corresponding Secretary, Treasurer, Auditing Committee, and 


Trustees were presented. The following officers were elected: William B. Davis, President: 


Robert T. Orr, Stephen D. Durrant, Vice-Presidents Randolph L. Peterson, Recording 
Secretary; Caroline A. Heppenstai:, Treasurer; George C. Rinker, Corresponding Secretary. 
J. K. Doutt, William V. Mayer, Emmet T. Hooper, Oliver P. Pearson, and Viola S. Schantz 
vere elected as Directors for the 1955-57 term; Kenneth L. Duke was elected Director to 
fill the unexpired term (1954-56) of Stephen D. Durrant 


The Society learned with regret of the deaths of eight members, one a charter member 
*): “Charles F. Batchelder, Henry B. Chase, Jr., Edward F. Chatelain, Edna M. Fisher. 
Paul B Johnson, J. E. Keays , James H. M icGregor, and Elizabeth R Vandegrift 


At the end of the year 1954, there was mall increase in the total mailing list of the 
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Society. Although there were more members dropped for delinquency in dues, more sut 
scriptions cancelled, and more deaths reported than in 1953, these were more than offset 
by fewer resignations and by reinstatement of members who had been suspended. Nominees 
for membership totalled 116; resignations, 26; members dropped for delinquency, 65; deaths 


reported, 8. There were 55 new subscriptions but 72 cancellations 


The Corresponding Secretary presented this summary of memberships and subsciptio1 


for 1953 and 1954 





MEMBERSHII 1953 1954 
Changes since last annual report 
Nominee 116 116 
tesignation $2 26 
Deaths reported 5 3 
Members dropped (delinquent 53 65 
Total 100 116 99 116 
Net change +16 17 
Status as of December 31, 1954 
Honorary members 7 ) 
Life members 65 
Annual members 1351 1360 
otal membershiy 1423 144 
SUBSCRIPTION 
Changes since Jast annual report 
New subscriptions 55 35 
Subscriptions cancelled 58 72 
Net change 3 17 
Total paid subscription $444 427 
MAILIN¢ IST 
Total membership 1423 1440 
Members not receiving Journal 166 160 
Total members receiving Journa 1257 1280 
Total paid s ibseriptions 444 427 
Total mailing list 1701 1707 
Net change } + 
There was a very welcome decrease in the number of members delinquent in payment 


of dues. Members are urged to see that this trend continues because of the burden of expense 
ind time which delinquent place on the Society and the officer 
The final session of the business meeting was called to order June 15, with 73 member! 


present. The reports of the following committees were read and accepted: Conservation of 


Land Mammal A. Starker Leopold); Marine Mammal tobert T. Orr); Editorial (rea 
by George ( Rinker); Inde Viola S. Schantz Honoraria for Young Mammalogist 
read by George C. Rinker 

The recommendation of the Board of Directo: that H. | Anthony) be accorded the 


status of Honorary Member was presented to the member who voted unanimously in 


i 


favor ot it 


The Resolutions Committee presented three resolutions which were passed: (1) Wherea 
the wild European rabbit (Oryctolagus cuniculus) has proven detrimental to the economi 
and aesthetic interests of man where introduced, and 

Whereas individuals and clubs in some States have seen fit to import for sport this specie 
from San Juan islands, Washington, and other islands, and the presence of this species on 


the North American mainland cannot be economically or aesthetically successful, 
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Therefore be ti resolved that the American Society of Mammalogists at its 35th annual meet 

ing in Los Angeles, California, urges the Washington State Game Department and the 

State Legislature of Washington, r« spectively, to prevent the removal of Oryctolagus cunicu 
from the San Juan Islands to the mainland of North America 

Be it further resolved that the Pennsylvania Game Commission, the New York Game Com 

mission, and the Ohio Game and Fish Commission, be urged to make all possible attempts 


to eradicate the European rabbit wherever it has been introduced and still persists 


IL) Whereas the Wichita Mountains area of Oklahoma is a unique biotic and geological 
l 
Whereas part of this area has been dedicated to the perpetuation of endangered species of 


North American big game, particularly the American Bison, by individuals who purchased 


he land and deeded it to the Federal Government in trust forever for this express pur 
po ind 
its scenery, lake nd other features provides ecreational area region where 
her recreational facilitic re not avai le 
[herefore be it resolvéd that the American Society of Mammalogists at its 35th annual meet 
ing at Los Angeles, deplores the attempt of the Department of Defense to obtain transfer 
1 part of this refuge for the purpose of enlarging the Fort Sill Artillery Training Cente 
Departmer f the Interior b rged t ref t rranting of this transfer of 
iT 
[L1Tl) Re tk the Am«e Soci M Q é ( sth annu 
eC g | Angels J © 15. 195 er r } T t tior 0 the 
i? lent he Univer Ss the ( l I t l D Earl 
C. Bolton. and he mem tl lo ( I remeé inde he Chairmar 
hin of William V. M heir ge } 1 untiring « vhich cor 
ribute to the s ( of the +5) r g ‘ n r t of members 
I es and friend ho attende 
Preside Burt 1 1 Charlest S ( D r, ( ) Higgins 
ke, Michigan, a ssil D r the 195¢ ge. The yting in favo 
Higgins La Michig \ I | ! e for June as tl ime 
the wes 


HAVAHART HUMANE ANIMAL TRAPS 





The Allcock Manufacturing Company has a large variety of humane animal 
traps. They have many sizes of live traps for those who are interested in catching 
the animals unharmed. The HAVAHART TRAPPING BOOKLET will be sent 
free of charge to anyone who requests it from the Allcock Manufacturing Com- 
pany, Ossining, New York. HAvAHART traps have been used successfully by 
many who have been doing live-trapping experiments on small mammals. Write 


for the free booklet today 





“BEAUTIFUL... 
UNIQUE... 
AMAZING... 
—Roy Chapman Andrews 






JUST OUT! 
83” x 11” 
200,000 words 
ONLY $9.95 


Covers every living mammal known to science 


330 spectacular photographs, 


“There is a feel of adventure about 
this beautiful book with its striking 
photographs. Ivan Sanderson’s excit- 
ing introduction to living mammals in 
the world today gives the reader a 
sense of personal acquaintance with 
the creatures portrayed. Such a com- 
prehensive work, world-wide in scope, 
is most welcome.”—KENNETH D. 
Morrison, Editor-in-Chief, Audubon 
Magazine. 

Indeed, no book on mammals pub- 
lished to date is as complete, as up-to- 
date and scientifically accurate as this 
handsome volume. The brilliant and 
scholarly text by 


Ivan Sanderson, 


LIVING 
MAMMALS 


OF THE WORLD 


by IVAN T. SANDERSON 


190 in breathtaking full color 


noted author and zoologist, provides 
the most up-to-date and detailed in- 
formation on the subject and is supple- 
mented by 330 unsurpassed photo- 
graphs, including 
animals never before photographed. 
190 illustrations are in magnificent 
full color. John s»iarkham, Roy Pin- 
ney, Cy La Tour, Ylla, Ernest P. 
Walker and 45 other world-famous 
photographers are represented. 


studies of many 


No expense has been spared to make 
this the finest mammal book ever pub- 
lished. A truly beautiful work you will 
want for your own library shelf and as 
gifts for nature-loving friends. $9.95 

USE THIS ORDER COUPON 


HANOVER HOUSE 

504 Franklin Ave., Garden City, N, Y. 

Please send me ____ copies of LIVING MAM 
MALS OF THE WORLD. I will remit $9.95 plus 
25¢ cash for postage and handling. If not delighted 
I may return the book within ten days and owe 
nothing 


NAME 
ADDRESS 


cITy ZONE STATE 


(0 SAVE POSTAGE! Check here if $9.95 each is 
enclosed. We pay postage and handling. Same 
money-back guarantee of full satisfaction 
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Abnormalities 
Callorhinus, 


Cynocephalus, 





erminea fro1 


562 
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[New names in boldface type] 
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atus 
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Animal 
Me 


1: 


rmoops, 











ps, 2 
Odocoileus, 308 Myotis, 289 
Tamiasciurus, 136 Oryzomys, 298 
abrasus, Eumops, 232 ymys, 52 
A brocomidae, tax., 165 14 
Acratocnus, Haiti, distr., 109 rida, 236 
Activi Anomaluridae, tax., 165 
194 Anteater, four-toed. 557 
Antelope, 146 
Anthon Adam 
itorostrata, Balaenoptera, 429 Beh yr patterns in a | 
Adams, David A olony of prairie dogs, 
see Barkalow, F. S., Jr. and Adan lud ‘ianus, 69 
Aes t 1, Cynon 69 Ant pra americana Colo., 146 
Af 147, 434 Antlers, Odocoileus, 202 
Age characterist Sore 214 Antroz bunkeri, Kan., Okla., hab., 379 
Age classe pallidus bunkeri, N. A., anat., 96 
Myotis, 379 pallidus pacificus, Calif., par., 457 
Sore 2 3 N.A nat.. 96 
Age deter atior pallidus pallidus, N. A inat 96; 
Antrozous, 379 Utah, distr., 126 
Ept is, 379 é Cebus, 449 
Myotis, 379 sin 449 
Sorex, 214, 32 Aphaetr Haiti, distr., 109 
sgrestis, Microt Ay ntidae, tax., 165 
Akodon berlepscl dist 465 s Se us. 101 
\ 187, 30 I Ler 254 
bifr Ce Rangifer, 254 
tie Catan OF Ursus, 254 
Ales es. hab.. 145 Ar 145. 146. 290. 46: 
Ald ( M Ar S IRR BOR 
see R ette, W. Le Ald Artibeus 1icensi maicensi Haiti, 
Ale wwopus, N. W. Terr.. hab.. wt.. pe str.. 109 
254 r palmarum, Panama, hab., 232 
Altitude recor Ase tridens murraiana, Iraq, par., 123 
Bison, 470 astut Bassariscus, 292 
Martes. 568 Attac b Odocoileus. 476 
Altm cites tus, Mesocricetus, 135, 573 
Moos A lee lees, battles horse ir rit Lonchorhina, 232 
water, 145 1uropunctatus, Herpestes, 62 
americana, Antilocapra, 14¢€ austroriparius, Myotis, 288 
Martes, 133, 568 
americanus, Lepus, 362 Baculum 
Ursus, 134. 362. 459. 460 Antrozous, 96 
Anderson, Sydney Corynorhinus, 96 
An additional record of Mustela Gulo, 346 


n Utah, 568 Mvotis. 96 


5095 
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Pipistrellus, 96 
Tadarida, 96 
3aham is, 106 
Baiomys musculus, Mexico, anat., 298 
B ilaenoptera acutorostrata, Fla., distr., 429 
Banding 
Antrozous, 379 
Corynorhinus, 379 
is, 242, 379 
Myotis, 120, 379 
Tadarida, 120 
Barbehenn, Kile R 
A field study of growth in Microtus 


Eptesicus 








g 
penns 533 
Barkalow, F.S., Jr ind David A. Adams 
The Sen le bat, Lasiurus seminolus 
No ‘arolina, 453 
Bassariscus astutus, Tex., hab., 292 
Bat, 96, 101, 123, 126, 130, 232, 379, 457 
big br n, 101, 242, 399 
fish-eating, 390 
ree-taile 120, 236, 458 
gr ISO) 
he 130, 455 
tel PA 
399. 45 
) ti 4() 
> el 10 
I 10 399, 45 
Se 399, 45 
¢ ¢ 399 
‘ 15 
Bathvergid 1¢ 
Be Mi 4 


‘ ( ‘ SE 
Bee J es | 

— r moveme t le 
se} 

Clet! onon 566 

130 

Beidle Richard G 

\ Ititudir recor ‘ I 

yrther TW olorad 47( 


Beidleman, Richard G. and Jack D. Ren 


Vol. 36, No. 4 


Another record of the least shrew from 
northeastern Colorado, 123 
Bellairs, A. d’A 
(see Shute, C.C.D. and Bellairs 
Benton, Allen H 
Notes on the behavioral development ol 
captive red-backed mice, 566 
Observations on the life history of the 
northern pine mouse, 52 
berlepschii Akodon, 465 
bilineatus, Saccopteryx, 232 


bilobatum, Uroder1 





bison, American, 305 


Bison bisor Alaska, phys 305: Col 


short-iinne 4¢ 
B I Wi I 564 
brevic j Ontari 36 
revit d ingust Quebec, hal y 
hy ‘ | br icauda. S. D dis 
152 
br ( rtlandi, Ohio, hab i 


D Noctilio leporint 9 
() er 1 the li historie 
P 2352 
Blood 
Citel 362 
Eret] 289 
Lep 362 
Marmota, 362 


| , \ H 
rye 7 n the mona monkey 134 
ran I I 101, 399, 454 
SVT tom 12 
botts CThomom out 
Bowers, G 
Unusual breeding of cottontail 


Pennsylvania, 303 
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Bowman, Howard common dolphin, Delphinus delphi 














see Svihla, Arthur and Bowman in the Gulf of Mexico, 467 
see Svihla Arthur, Bowman and Calhoun, John B 
Pearsor A te hnique for investigating the 
Boyles, James M distance ameter of home range, 45 
ee Neill, Wilfred T. and Boyles California, 206, 236, 302, 323, 339, 407, 457, 
Peron is, 206 543. 561. 568. 569.! 
Brain, Pan, 78 cealifornicus, Microtus, 356 
asiliensis, Nyctinom 106 Myotis, 96, 126, 457 
Tad rida 106 call gor H 
Bre enridge, W. J ( whit 1 nat 
ee Gunde H. ] Breckenridge pl | Alas! inat 
nd Jarosz ger 562 
Breeding | Car 278 
Sigmo 2A me is. Giraffa. 574 
14¢ Came é nensis, Idal nat., 
Breeding st 978 
| T t {{) ( ¢ ) ITR 
H estes. 62 ' Cercopithe 134 
Vi t IRQ Car | 
Pe 16 nnmeiie ( r 14 
Pitvmvs. 52 Cer 145 
Sigmodor 368 I 132 
Sorex, 323, 339 ( t Wyo., phys., 133 
S lag 0) N. W. Terr., dist 254 
Tadarida, 23 ( 165 
onic B 21. 36 159 ( 
re ‘ Geor { B 292 
Kog 2 Cite 54 
}3 ¢ ¢ A lies ( ' 566 
¢ Sode ‘ A | , Rr } ) r 4 
Brotor H listr 0 G Ta, 574 
g ¢ ! Howard § | ecl 2 
Se N t 572 
} ; ¢ ime N ”) 
{ ¢ ' 1 e de 174 ( fa 
af 17 | | ) 
I I C.H r 16 
y erT r ( 187 
hi Ri Barren cround, 254 
RB ‘ Rit } ( . S rus. 101. 121. 293. 296. 493 
‘ Ne W re | B ( t lata ¢ Panam 
nke Ant 7 nat 232 
| row ( ] I 1 
( f Re ‘ ré taine bobeat 
Pit 52 200 
Cie {9 Ca r densis. anat 141 
( Q | t 165 
Cal Odocoile 308 Cat, ring-tailed, 292 
( lwe David K ( idae, tax., 165 
Evidence of home range of an Atlant Cebus albifrons, tax., 449 
bottlenose dolphin, 304 apell tax., anat., 449 
Notes on the spotted dolphin, Stenell Cercopithecus campbelli lowei, Africa, tax 
plagiodor and the first record of the 434 
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denti, Africa, tax., 434 
grayi, Africa, tax., 434 
mona, Africa, tax., 434 
pogonias, Africa, tax., 434 
wolfii, Africa, tax., 434 
Cervus canadensis, Mont 
Chandler, Edwin H.: 


(see Fay, 


, anat., phys., 145 


Francis H. and Chandler 
Cheek pouches, Potamochoerus, 147 
Chiasson, Robert B.: 
Dental abnormalities of the Alaskan fur 
seal, 562 
Chile, 465 
Chilonycteris parnellii boothi 
109 


Haiti, syn 


parnellii gonavensis, Haiti, orig. desc 
anat., tax., foss., 109 

parnellii mexicana, Haiti, syn., 109 

parnellii parnellii, Haiti, syn., 109 

parnellii pusillus, Haiti, anat., tax., 109 

parnellii portoricensis, Haiti, syn., 109 

Haiti, syn., 109 

rubignosa, Haiti, syn., 109 

rubignosa 


parnellii rubignosa, 


fusca, Panama, hab., 232 
Chimpanzee, 78 
Chinchilla sp., Calif., 302 
Chinchillidae, tax., 165 
Chipmunk 

eastern, 136 

eastern grey, 121 

Ohio, 101 
Choeronycteris mexicana, Calif., par., 457 
Urocyon, 101 
Lasiurus, 130, 455 
Sorex, 21, 121, 123, 221 


Citellus beecheyi, anat., 356 


cinereoargenteus, 
cinereus, 


lateralis lateralis, Colo., Utah, distr 
tax.. 136 

lateralis wortmani, Colo., Utah, distr 
tax., 136 

leucurus, Calif., wt., phys., 543 


leucurus cinnamomeus, Utah, tax., 273 


weds 


leucurus escalante, Utah, orig. desc 


gen., tax., anat., hab., 273 


leucurus leucurus, Utah, tax., 273 


af 
leucurus notom, Utah, orig 


hab., 273 


desc., tax 


leucurus pennipes, Utah, tax., 273 
Alaska, phys., 362 

parryi, N. W distr., hab., 254 
parryi parryi, Alaska, phys., 362 
tridecemlineatus Utah, distr 


osgoodi, 


Terr., 


parvus, 


hab., 296 
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Clethrionomys gapperi, N. Y., hab., phys., 
566 
gapperi galei, Colo., hab., 221 
gapperi gaspeanus, Quebec, hab., 21 
gapperi loringi, Iowa, distr., 121 
gapperi ochraceus, New 
hab., 21 
Clothier, Ronald R 
Contribution to the life 


Brunswick. 


history of 
Sorex vagrans in Montana, 214 
Clough, Gari C 
Repeated hibernation in a captive 
meadow jumping mouse, 301 
Coat color 
Citellus, 273 
Lagurus, 270 
Neotoma, 113 
coibensis, Molossus, 232 
Collecting methods 
bats, 120 
Blarina, 36 
Color change, Globicephala, 424 
Color variation: 
Erethizon, 84 
Pitymys, 52 
Synaptomys, 1 
Ursus. 460 
Colorado, 42, 123, 136, 146 
Colovos, N. I 
see Teeri, A. E., et al 
Colugo, 131 


Communicatior 


221, 462, 470 


Pitymys, 52 
Comparison 
Camelops, 278 
Citellus, 273 
Lagurus, 270 
Tamandua, 557 
Clinton H 
Embryo resorption and placental scar 
formation in the rat, 516 
Felis, 476 


Condylura 


Conawa 


concolor 
cristata, S. C., distr., 288 
Connecticut, 140 
Control methods, Vulpes, 101 

1, 121, 293 


Sy lvilagus 303 


cooperi, Synaptomys, 
coprophagy 
Corpora lutea 

Gulo, 346 

Odocoileus, 145 
Corynorhinus rafinesquii pallescens, Calif 
Okla., hab., 379 
anat., 96; Okla., distr., 128 


par., 457; Kansas, 
N. A 


Utah, distr., 126 
Cougar, 476 





Nov. 
Cout 
Coy 


coyp 
Craf 
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ynomys ludovicianus, Okla., hab , phys., 


sus arctos L. (Re 69 


Couturier, Marcel A. J C 
L’ours brun, Ur 


viewed), 149 


coypus, Myocastor, 465 dan Dama, 471 

Craft. Thoma ] nd Ralph W. De D proctidae, tax.. 165 
Swimming ilis of the little bro T) pterus floridanus, Va.. listr.. 456 

bat, 452 Davis, Wayne H 

Cranial character Myotis subulatus leibii found in un 
( eloy 978 =? tion. 130 
Cebus 44 N the er n of range of pocket 
Citellus. 27 gopl 


gopher east of the Mississippi, 142 


Gulo, 346 Davis, Wayne H. and William Z. Lidicker, 


onsin, 567 


leibii in Missouri, 288 





rice rat Oryzomys palustris 
( ri 19 texensi n northwestern Arkansas. 
Chilonveter 109 18 
Didelphis, 101 Day Wayne H., William Z. Lidicker. Jr 
Gulo, 34¢ i John A.& nder. Jr 
Kog 6 Myc roripari n Arkansas, 288 


Notiosores 561 A ne four-toed nteater from Mexico. 





Sorex. 560 557 
Synaptor D William R 
cI li N ) 561 ¢ ¢ ' Oxygen cor impt on > 
Cricetidae, t 165 tempi Ire in desert rodents, 543 
cristata, Condylura, 288 Dearden, Lyle C. and M. Raymond Lee 
Cro William H N gebrusl 2. seems Tame 
Three Ne . popul = ( P Utah. 270 
nd inter n TY ting ‘ ey 19 ta) 
tivit D4 1 145 
Cro rater 71 
lerritor t l \ ho mit M e, 202. 308. 476 
musceul | 299 R Mo t n mule, 473. 474 
Uryptot I par Co ‘ ‘ 101 
12 de M 999 
Ctenodactylidae, tax., 165 Yelp] lelphis, distr., 467 
Ctenomvidae. tay 165 elphis. Delp} 16,7 
( ay 
( nicl € 165 \ ( 25 
curtati Lagu 70 \ Ss, 409 
Cryele Le I is, Mesoplodon, 573 
Blarin der Ce pithecus. 434 
Clethrionomys, 21 Den 
Microsore x, 2] B — 3, 298 
3 : ( rhinus, 56 
VMicrotus, 2 a 
( melor 278 
Napaeozapus, 2 Globicephal 194 
Peromyscus, 21 Gulo. 248 
Sorex, 21 Kogi 62 


Cylindrodontidae, tax.. 165 Neotoma. 113 


Cynocephalus volans gen., 131 n 561 
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Desmodus rotundus murinus, Panama, hab., 
232 
Development 
brain of Pan, 78 
Callorhinus, 493 
Clethrionomys, 566 
Pitymys, 52 
de Vos, \ 
teview of) Trippensee, R. E., Wildlife 
management. Furbearers, waterfow] 
and fish, Vol. II, 148 
Dexter, Ralph W 
see Craft, Thomas J. and Dexter 
Dicrostonyx groenlandicus N W. Terr 
distr., hab., 254 
Didelphis marsupialis, phys., 284 
marsupialis virginiana, Fla., hab., 559; 
Ohio, b., anat., 101 


Dinomyidae, tax., 165 





Dipodidae, tax., 165 
Dipodomys heermanni saxatilis, anat., 356 
merriami, Calif., wt., phys., 543 
panamintinus, Calif., wt., phys., 543 
spectabilis, Ariz., wt., hab., 463 
Disease 
anemia in Callorhinus, 493 
leptospiral organism, 62 
rabies in Herpestes, 62 
rabies in Tadarida, 120 
Distribution 
Akodon, 465 
Artibeus, 109 
Balaenopter 1, 429 
Blarina, 452 
Canis, 254 
Citellus, 254 
Dicrostonyx 
Globicephal: , 467 
Gulo, 248 
Hesperomys, 465 
Lasiurus, 130 
Lemmus, 254 
Lepus, 254 
Molossu 109 
Myotis, 288 
Ovibo 254 
Phylloti 165 
Notiomys, 465 
tangifer, 254 
Sylvilagus, 144, 415 


Ursus, 254 


Vampyrops, 130 
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Diurnal habits 
Eumops, 407 
Tadarida, 236 
Dodds, Donald G 
Food habits of the Newfoundland red 
fox, 291 
Dolphin; 
bottlenose, 304. 466 
common, 467 
spotted, 467 
domestica, Felis, 290 
dorsatum, Erethizon, 84, 463 
Vergil and W 
Two calculi from mule deer, 308 
Paul B 
Late fall home ranges of three golden 


Draney Leslie Robinette 


Dunawa 


mice, Peromyscus nuttalli, 297 
Dunmire, William W 
Sex dimorphism in the pelvis ot ro 
dents, 356 


Durham, Floyd I 


The gray shrew, Notiosorex crawfordi 
in Lo Angeles County, Californ 
561 
Durrant, Stephen D. and Richard M 


Hansen 
Taxonomic status of ground squirrel 
} 


Citellus lateralis (Say), from north 


eastern Utah ana _ northwester 


Colorado, 136 
Durrant Stepher D. and M Raymond Lee 


Rare shrews from Utah and Wyoming 
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osgoodi, Citellus, 362 
Ovaries, Gulo, 346 
Ovibos moschatus, N. W. Terr., distr., 254 
Packard, Robert L 

Release, dispersal, and reproduction 

of fallow deer in Nebraska, 471 
Paleunycteris, foss., 
pallidus, Antrozous, 


Palmer, Ralph 8. 


nomen., 128 


96, 126, 457 


The mammal guide (Reviewed) 

(see Moore, Joseph Curtis and Palmer) 
palustris, Oryzomys, 298 
144, 303 


phys., 78 


Sylvilagus 
Pan satyrus, anat 
Panama, 232, 390 
panamintinus, Dipodomys, 543 
Paradoxonycteris soricodon, foss 


128 


nomen 


Paraguay, 130 
Paramyidae, tax., 165 
Paraphyllophora robusta, foss., nomen., 128 
Parasites 

Antrozous, 457 

Asellia, 123 

Choeronycteris, 457 

Corynorhinus, 457 

Eptesicus, 457 

EKumops, 407, 457 

Hemiechinus, 123 

Herpestes, 62 

Myotis, 457 

Pipistrellus, 123, 457 

Pitymys, 52 

Potamochoerus, 147 


tattus, 259 


Tadarida, 236, 457 


Taphozous, 23 
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parnellii, Chilonycteris, 109 
parryi, Citellus, 254, 362 
Parturition, Giraffa, 574 
parva, Cryptotis, 123 
parvulus, Pitymys, 138 
Pearson, Roger: 
(see Svihla, Arthur, Bowman and 
Pearson 
Pedetidae, tax., 165 
Pelage, Synaptomys, 1 
Pelvis 
Citellus, 356 
Dipodomys, 356 
Lemmus, 356 
Microtus, 356 
Peromyscus, 356 
Neotoma, 356 
Thomomys, 356 
Pennsylvania, 136, 303 
pennsylvanicus, Microtus, 21, 101, 533 
Peromyscus, Wisc., phys., 564 
Calif., hab., 206 
leucopus 
101 
maniculatus 
206: Calif... 
hab., 462 


boylii, 
noveboracensis, Ohio, hab.., 


139; Calif., hab 


569; Colo 


phys 9 
distr., hab., 


maniculatus abietorum, New Bruns 
wick, hab., 21 

maniculatus rufinus, Colo., hab., 42 

maniculatus sonoriensis, anat 356 ; 


Calif., 571 
nuttalli, Tenn., hab., 297 
Eumops, 407, 457 
perspicillata, Carrollia, 232 
Peterson, Randolph L 
North American moose 


perot is 


teviewed 
575 

Petromuridae, tax., 165 
intermedius intermediu 


Colo., hab 221 


Phenacomys 


Rocky Mountain, 221 
Phiomyidae, tax., 165 


Phenacomy S 


Phyllostomus hastatus panamaensis, Pan 
ama, hab., 232 

Phyllotis sublimis, Chile, distr., 465 

Pig, African bush, 147 

David 

Biology of the 


Pimental 


Indian mongoose in 
Puerto Rico, 62 

pinetorum, Pitymys, 52 

Pipistrellus hesperus hesperus, Utah, distr 


126 
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he 


Pityn 


p 
Place 
plagi 
platy 
Po-C 


pogo 
Pois 


Pom 


Popt 
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hesperus merriami, Calif., par., 457; 


N. A., anat., 96 
kuhlii kuhlii 
123 
subflavus, Mass., wt., hab., 399 
subflavus subflavus, Ohio, 101; Okla 
listr., 128 


Ira 1; hab . phys par 


Pitymys pinetorum scalopsoides N Y 
N. J., Mass., wt 


par., 52 


gen., hab., phys 


parvulus, Fla., hab., 138 
tattus, 516 


plagio lon, Stenella. 467 


Placentation 


platyceps, Micronycteris, 232 
Po-Chedley, Donald § and Albert R 

Shadle 

Pelage of the porcupine 

dorsatum dorsatum, 84 
pogonias, Cercopithecus 434 
Poisoning of Antilocapra 146 
Pomerantz, E 

(see Teeri, A. E., et al 
Populations 

Antrozous, 379 

Blarina, 21, 36, 101 

Callorhinus, 493 

Clethrionomys, 21 

Corynorhinus, 379 

Didelphis, 101 

Eptesicus, 101, 379 

Glaucomys, 101 

Homo, 493 

Lasiurus, 101 

Lepus, 121 

Marmota, 101 

Mephitis, 101 

Microsorex, 21 

Microtus, 21, 101 

Mus, 101, 493 

Mustela, 101 

Myotis, 101, 379 

Napaeozapus, 21 

Neotoma, 572 

Odocoileus, 101, 493 

Ondatra, 101, 493 

Peromyscus, 21, 101, 571 

Pipistrellus, 101 

Pitymys, 52 
Procyon, 101, 493 
Rattus, 101, 493 
Scalopus, 101 


Sciurus, 493 


121, 4 


Sigmodon, 368 


Sorex, 21 


Erethizon 
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Spilogale, 121 
Sylvilagus, 101, 144 
Tadarida, 236 
Tamias, 101 
Urocyon, 101 
Vulpes, 101 
Zapus, 101 
Porcupine, 84, 463 
Alaska, 362 
porcus, Potamochoerus, 147 
Potamochoerus porcus nyassae Africa 
par., anat., 147 
Pournelle, George H.: 
Notes on the reproduction of a Baringo 
giraffe, 574 
Prairie dog, black-tailed, 69 
Predator, as 
\lopex, 254 
Herpeste s, 62 
Mustela. 567 
Phyllostomus, 232 
Predator, of 
Blarina, 36 
Callorhinus, 493 
Myotis, 379 


Pitymys, 52 
Reithrodontomys, 121 
Tadarida, 236 


princeps, Zapus, 221 


priscus Rhinolophus 128 
Procyon lotor, Mo nat 493 

lotor lotor phy s., 283: Ohio, hab 101 
Protoptychidae tax., 165 
Pseudorhinolophus _ egerkingensis foss., 


nomen., 128 
Pseudosciuridae, tax., 165 


Puerto Rico. 62 


106 


pumilio, Rhinolophus, 128 


Quay, W. B 
Distributional notes on small mammals 
in northern Manitoba, Canada, 123 
Histology and cytochemistry of skin 
gland areas in the caribou Rangifer 
187 
Quay, W. B. and Jerome 8. Miller 
Occurrence of the red bat Lasiurus 
borealis, in caves, 454 
Quebec, 21 


Quill removal, Erethizon, 463 


Rabbit 


conie, 415 
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marsh, 144 
swamp, 303 
whitetail jack 
Raccoon, 
rafinesuii, Cor 
457 
Rageot, R. H 
\ new norther! 
bat Dasypt 


Citellu 36, 
Clethrionomys 
Corynorhinus 
Delphinus, 467 
Ee ptesic u 126 
Lagurus, 270 


Lasionycteri 





ww ri 12 

Sorex, 123 

SS } pte ] 
larid 128 
! 19] 1 


ingaroo,. 356 


Merriam kanga 
Norwa 15, 101 
Panamint kang 
Polynesia 259 
rice 208 


iorvegicu in 


516; hab 45 


rattu Marsha! 
Rausch, Robert 

see Wright 
Record 

Gulo, 569 


Kogia, 263 


cottontail, 101, 303 


101, 283, 


norhinus, 96, 126, 128 


979 


Philip | 


JOURNAL OF 
362, 415 
121 


493 
379, 


imost record of the yellow 


erus floridanus, 456 


Antrozous, 126 


>. 206 
121 
128 


128 


124 


Q 
19 

19 

f 

na LN 
ler distr 254 

16 

ror 545 

ro 543 


Marshall Is hab par 259 


it 493: anat 
Ohio, 101 
hab., par., 259 


and Rausch 
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Reed, Edward B 


January breeding of Peromyscus in 


northcentral Colorado, 462 


Reithrodontomys megalotis dychei, Iowa 
distr 2 hab . 121 
Remington, Jack D.: 
see Beidleman tichard G and 
temington 
Reproduction 
Cervu 145 
Gulo, 346 
Herpestes, 62 
Sorex, 214, 339 
Tadarid 236 
teproductive behavior, Cynomys, 69 
tesorption of embryos, Rattus, 516 
tevilliodia, foss., nomen., 128 
Rhinolophus lemanensis, foss., nomer 128 
priscus, nomen, foss., 128 
pumilio, foss., nomen., 128 
Rhizomvidae tax 165 
Rhynchonycteris naso, Panama, hal 23 


tice, Dale W 
Myotis keenii in Florida, 567 


Status of Mvotis ¢ 


risescens 


in Florid 


r 


The brain of t! 


iin oO e chimpanzee at the tin 
of birth (myelogenesis), 78 


rixosa, Mustela. 101. 564 
Robinette, W. Lesl 


lie and C. M 


mouth” ir 


Aldou 
Mountai 


Rocky 


tobinette, W. Leslie and Jay S 


deer bucks 


ee Drange Vergil and R 


pinette 


gil and Ro 
robust Paraphyllophora, 128 
todentia, tax., 165 
Roosting, Rhynchonycteris, 232 
toost 

Kumop 10) 

Ss ccoptel 232 


rubignosa, Chilonycteris, 109, 232 
Rudd, Robert I 


Age, sex and weight comparisons i! 


three speci of shrews, 323 


rufus, Lynx, 290 


Runway 
Geomys, 143 


Pitymys, 138 





Vo 


Sacec 


salod 
Same 
sapie 
saty 


Saur 


Sch 








Vov., 1955 


Saccopteryx bilineata bilineata, Panama 
hab., 232 
Perapteryx) macrotis macrotis, Pan 


ama, hab., 232 


salodorensis, Myotis, 128 


Samonycteris majori, foss., nomen., 128 
apiens, Homo, 493 
satyrus, Pan, 78 
Saunt rs, J k K J 
Fetus in yearling cow elk, Cervus cana 
lensis, 145 
Scalopus aquaticus machrir Ohio, hab 
101 
Scheffer, Victor B 
sody size with relation to populatior 
density in mammals, 493 
Scl I Albe 
4 record of +} smol } r Sorex 
fumeus Miller, in South Carolina, 286 
rhe status of the species of the brasili 


ensis group of the genus Tadarida, 106 


illing, Marvin D 





Records of the Ne Mexicar ridled 
weasel in Kansas, 292 
Sciuravidae, tax., 165 
Sciuridae, ta 165 
Sciurus caroline! Ohio r 49 () 
tario, hab., 296 
irolinensi roliner Ohi hal 
101: W. Vs t.. ger 993 
rolinensis leucotis, Io distr., 121 
Mich ren., 293: W. \ wt., gel 
293 
hudsonicus petulans, Alas} pl 6 
Seal A] » fyr 490 5H? 
Sealander. John A.. Jr 


Sear H yard S 
Se Browman Ludvig G und S * 
seminolus. Lasiurus. 399. 453 


Sex determination. Castor. 141 


Sex ratio 


Antrozous, 379 


( orvnorhinus 379 
Eptesicus, 242, 379 


Herpestes, 62 
Myotis, 289, 379 


292 
ys) 


Sorex 
Sexual behavior, Stenella, 467 
Sexual dimorphism 

Citellus, 356 

Dipodomys, 356 

Lemmus, 356 
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Microtus, 356 
Neotoma. 356 
Peromyscus, 356 
Thomomys, 356 
Albert R 


Removal of foreign quills by poreu 


Shadk 


pines, 163 
aso Po-Chediey, Dead 8. and Ghadk 
n, H. B 


Description of a new race of woodrat 








Sherma 


from Ke \ Largo, Florida, 113 
A record of Lasiurus and of Vampyrops 
from Paraguay, 130 


Shrew, 121, 214, 221, 323, 560 


mol 286 


oricid. 339 


A case of polydacty) the colugo 
( nocep lu 131 
Sj odon } Th Ca hab Ww 2BR 
Sim} pel! ta nat 149 
I ol ’ 149 
nuc Sore ) 
Si vz 
Callorhinus 192 


Homo. 493 
Microtus, 493 
Mus, 493 





Sy 7; 193 
Sh ink 

eastern, 459 

notte 121 

trit 1. 10! 
Social behavior 

Cynomys, 69 

Herpestes 
Social relationship 


yrhinus. 493 
Cvyvnomvs. 69 
odali Mvotis, 128, 567 


Soderwall, A. L. and Alice ] 


sritenbaker: 
A recorded instance of superfe tation in 
the golden hamster, 573 


Sorex. Wise phys 564 


cinereus, Manitoba, distr 123 
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cinereus acadicus, New 
hab., 21 


cinereus 


Brunswick, 
cinereus, Colo., hab., 221: 
121; Quebec, hab., 21 
fumeus fumeus, 8. C., distr., hab., 286 
merriami leucogenys, Calif., wt., hab 
distr ; Utah, hab., 560 
nanus, Utah , anat., hab., 560 
Colo., hab., 221 
ornatus californicus, Calif., phys., hab 


wt., 323 


Iowa, distr., 
anat., 561 
Wyo 
obseurus obscurus. 





sinuosus, Calif., phys., hab., wt., 323 


trowbridgei, Calif., hab., phys., wt 
33$ 

vagrans halicoetes, Calif., phys., hab., 
wt., 323 

vagrans monticola, Mont., hab., wt 


anat., pel., 214 


vagrans paludivagu Calif phys 
hab., wt., 323 
vagrans vagrans, Cali phys., hab 


292 
wt., 323 


soricina, Glossophaga 





Paradoxonycteris, 128 
America, 106 

South Carolina, 
South Dakota, 452 


Spalacidae tax.. 165 


soricodon 
South 


286. QRS 


Speciation 
Cercopithecu $34 
S) 


1aptomys, | 


spect abil , Dipodomy 165 
Spilogale interrupta, Iowa, distr., 121 
Squirrel 


Alaska red, 362 


gray, 101, 121, 293, 296, 493 
red, 136 
outhern flying, 101 
Starrett, Andrew and Priscilla Starrett 
Observations on young blackfish, Globi 
cephala, 424 
Starrett, Priscill 


Andrey 


ind Starrett) 
Stegeman, LeRoy ( 
Lasiuru 


icuse, New 


Record of a female hoary bat 

and young in Syr: 
York, 455 

tehlini, Ny 


Stehlinia 


cinereu 


ctinomu 128 
gracilis, foss., nomen., 128 
Stenella plagiodon, hab., 467 


Milton H 


A recent 


Stenlund 
record of the marten in Min 


nesota, 133 
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Strecker, Robert L.: br 
Food consumption of house mice at lov 

temperatures, 460 bi 

striatus, Tamias, 101, 121, 136 bi 


Sturges, Franklin W.: bi 


Weasel preys on larval salamander, 507 


subflavus, Pipistrellus, 101, 128, 399 b 

sublimis, Phyliotis, 465 

subulatus, Myotis, 96, 126, 130, 288, 457 b 

Superfetation, Mesocricetus, 573 

Survival b 
Blarina, 36 b 
Eptesicus, 242 n 

Svihla, Arthur and Howard Bowman 


Blood volumes in the golden hamst 
135 I 
Arthur, Howard 


Roger Pearson 


Svihl i 


Bowman, an 


talpo 


Blood picture of the American blac! Tam 
bear, Ursus americanus, 134 
Swimming Tam 
Didelphis, 559 
Myotis 452 
Pitymys, 52 lam 


Zapus, 101 Tap! 
Switzenberg, D. I 

Black bear denning in tree, 459 
Alaska, phys., 362 
Pa., hab., 303 
floridanus floridanus, Fla., hab., 303 
Mass., hab., 415 
floridanus mearnsii, Ohio, 101 
ludicola, Fla., 303 
, distr., hab., 144 
hab 415: Pa 


Sylviiagus sp 


floridanu 
floridanus mallurus, 


palustris pa 





palustris p ilustris, Ga 
Mass 


transitionali 


hab., 303 


Synaptomys borealis, Manitoba, distr 23 
cooperi, Iowa, distr., 121 | Tay 
cooper cooper! tax hab anat pel Tec 


1; Mich., gen., 293 


cooperi gossi, tax., hab., 


anat., pel., 1 


cooperi helaletes, tax , hab pel »2 


, anat 


cooperi paludis, tax., hab 


, anat., pel., I 


cooperi saturatus, tax., pel., 1 
hab 


| 
Synonym | 


cooperi stonei, tax anat pel | 
Chilonycteris, 109 

Nyctinomus, 106 

Synaptomys l 


Tadarida, 106 


Tadarida 


tico 


brasiliensis antillularum, Puerto 


tax., 106 
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brasiliensis bahamensis, Bahamas, t 
106 


brasiliensis brasiliensis, S. A., tax., 106 


ax 


brasiliensis constanzae, Haiti, tax., 106 

brasiliensis cynocephala, La Fla 
tax., 106 

brasiliensi intermedia Guatemala 
Mexico, tax., 106 

brasiliensis mexicana, Texas, Mexico 
tax.. 106 

brasiliensis murina, Jamaic tax 106 


brasiliensi 


is muscula, Cuba, tax., 106 


mexicana, Calif., hab., phys., pa 36 
Calif., par 457; Okla., distr., 128 
Ore., distr., 458; Tex., dis., 120 
nexicana mexicana, N. A., anat., 9¢ 
ucatanik Panama, | 23 
ilpoides, Thomomys, 221 
lamandua tetradactyla hesperia, Me 
orig. des comp., 557 
lami iat G lis 136 
triatus griseus, lov list 21 
etrat } + oO} } 1) 
l'amia l hud P I 3 
Tanhozo chens macn | D 
19 
Cebus. 44 
Chilo ey in 
Citell 136. 27 
Gulo. 248 
Lagi 270 
Neotor 1] 
Rode 16 
Simi 44 
~ i , 41 
Ta rik Ut 
i \ yl 146 
nique 
ho r gy tigation { 
he I r ldal¢ 42 





Vit tion by det 33) 
: Pitvm 59 
rature eff 
Cite 543 
( nomy 69 
Dipodomys, 543 
Mus, 460 
Peromyscus, 139 


Pipistrellus, 12 
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Tennessee, 297 
Territoriality, Mus, 299 
tetradactyla, Tamandua, 557 
Texas, 106, 120, 143, 263, 292. 573 
Theridomyidae, tax., 165 
Thomomys bottae, anat., 356 

t ilpoides, Colo., hab 


Thryonomyidae, tax., 165 


221 
thysanodes, Myotis, 96, 126, 457 


Tompkins, Ivan R 


The distribution of the marsh rabbit in 
Georgi 144 
\roner. G. ( 
Butterfli ’ 


1¢ is, S ilagi 303, 415 
] gratior ‘ Mephitis, 459 
Trapping met} 21 
I hre RG 
| \ ) 101 

| t ( ! 206 

4 " 19° 
I I I 123, 254. 356 


i 16 
nt Jol W J 
As] popula tudy of cavert 
i ¢ bats. 379 
Odo ‘ 145 


Q 
; eoargel reoargel 
O} 101 
el ibatum, Panar 32 
) { em. Gulk 346 
r ( yrhi 193, 562 
rsu americanus Alaska phys 362; 


Mich., hal 159; N. M., gen., 460; 
Was! , phys., 134 


distr 


308, 560, 568 
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igrans, Sorex, 214, 323 
Vampyrops helleri, Paraguay 
Van Gelder, Richard G 


JOURNAL OI] 


distr 130 


see Findley, James 8. and Van Gelder 


\ iughan, Terry \ 


see Krutzsch, Philip H. and Vaughan 


velifer, Myotis, 28, 96, 120, 379 
Vibrissae, Erethizon, 84 


Virginia, 456 


) 


virginianus, Odocoileus, 101, 5: 
vison, Mustela, 101 
Vitamins. Odocoileu 553 


Voice 


Cynomy 69 
Dipodom) 163 
Pitym) 138 

olan Cc nocephalu 131 
Glaucomys, 101 


Vole. 209. 49 


forest meadow, 2 
meadow, 221 
prairi 12 
I i wcKed 2 
sagebrush, 270 
Vori John ( Jame D Yoakum and 


Charles F. Yocum 


Notes on chinchilla liberations in C 


fornia, 302 


Vulpes fulva deletrix, Newfoundland, hal 


ilva fulva, Ohio, hab., 101 


Notes on the Caroliniat jumping 


in Connecticut, 140 
Weasel, 567 
least, 101 
New Mexican bridled, 292 
tichardson, 362 


Weber. Neal A 


Note on Ira Insectivor 


roptera, 123 
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Callorhinus, 493 

Sciurus, 293 
Sorex, 323, 339 
Weight fluctuation, Microtu 
West Virginia, 130, 293 
Wetze R ilph M 
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The lipids in Bison bison, 305 
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Distribution of mice and shrews 
Colorado montane forest, 221 
Wisconsin, 142, 242, 460, 564, 567 


Wiseman, J. § 


ee Eads, R. B., Wiseman, and Me 


Wolf, Arctic, 254 

wolfi Cercopithecus 434 

Wolverinc, 248, 346 
southern, 569 


Wood, Albert I 


A revised classification of the roden 
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Wood, John ] 
Notes on young pocket gophers, 14 
Woodchuck, 101 
ochraceou 362 


Wright, Philip I 
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Wright, Philip I 
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gulo, 346 


Wvyoming, 133, 560 
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Peromyscus, 101 
Stenella, 467 
Tadarida, 232 


Myotis, 96, 126, 457 


icatanica 


Zapodidae, tax., 165 
hudsonius, Iowa, hab., 121; Micl 
hab 01 
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hudsonius 


101 


umericanus, Conn., hab., 140 
Ohio, hab., wt 


rafinesquei 


princeps hab., 221 


| princeps, ¢ olo 


Ondatra, 101 38, 362, 493 
and Donald F. Hoffmeister 
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